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INTERNATIONAL

Standard Test Method for

Automotive Engine Oils on the Fuel Economy of Passenger
Cars and Light-Duty Trucks in the Sequence VIA Spark
Ignition Engine *

This standard is issued under the fixed designation D 6202; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

INTRODUCTION

This test method can be used by any properly equipped laboratory, without outside assistance.
However, the ASTM Test Monitoring Center (TMEprovides reference oils and assessment of the
test results obtained on those oils by the laboratory (see Annex Al). 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 engine lubricating oil specifications.

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

This test method may be modified by means of Information Letters issued by the TMC. In addition,
the TMC may issue supplementary memoranda related to the test method. Users of this test method
shall contact the Administrator of TMC to obtain the most recent of these.

1. Scope therefore, each system shall be used independently of the other,

1.1 This test method covers an engine test procedure for thgithout combining values in any way.
measurement of the effects of automotive engine oils on the 1.3 This standard does not purport to address all of the
fuel economy of passenger cars and light-duty 3856 kg (8508afety concerns, if any, associated with its use. It is the
Ib), or less, gross vehicle weight trucks. The tests are conductdgSPonsibility of the user of this standard to establish appro-
using a specified 4.6-L spark-ignition engine on a dynamompriate safety and health practices and determine the applica-
eter test stand. It applies to multiviscosity grade oils used ifility of regulatory limitations prior to use.
these applications. Companion test methods used to evaluatel-4 This test method is arranged as follows:
engine oil performance for specification requirements are Subject Section

discussed in the latest revision of Specification D 4485. introduction 1
1.2 The values stated in either Sl units or other units shall b&eferenced Documents 2
regarded separately as the standard. Within the text, the Sl unﬁsrminologyf Tost Method 2
are stated first with the other units shown in parentheses. T@’g”;ff'l‘f;ﬁcoe aﬁztuif © :
values stated in each system may not be exact equivalentsjparatus 6
General 6.1
Test Engine Configuration 6.2
*This test method is under the jurisdiction of ASTM Committee D02 on Laboratory Ambient Conditions 6.3
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee Engine Speed and Load Control 6.4
D02.BO on Automotive Lubricants. The multi-cylinder engine test sequences were Engine Cooling System 6.5
originally developed in 1956 by an ASTM Committee D02 group. Subsequently, the External Oil System 6.6
procedures were published in an ASTM special technical publication. The Sequence FUe! System 6.7
VIA was published as RR:D02-1364, dated August 24, 1995. E”g'”e '”takeMA” Supply g'g
Current edition approved June 10, 2002. Published September 2002. Originally Ain;pgritur:sm ::‘iaiuremem 6I10
published as D 6202-97. Last previous edition D 6202-00a. Exhauset 2nd Ee:(h(;ust Back Pressure Svstems 6'11
2 ASTM Test Monitoring Center, 6555 Penn Ave., Pittsburgh, PA 15206-4489. Pressure Measurement and Pressure Syensor Locations 6'12
For other information, referl to RR: D02-1364 Sequence VIA Test Deve_lopment. Engine Hardware and Related Apparatus 6.13
This research report and this test method are supplemented by Information Lettersyiscejianeous Apparatus Related to Engine Operation 6.14
and Memoranda issued by the ASTM Test Monitoring Center. This editiongeagents and Materials 7

incorporates revisions in all Information Letters through No. 01-1.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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Subject Section Subject Section

Engine Oil 7.1 Validity Interpretation of Deviant Operational Conditions 14.2.2
Test Fuel 7.2 Keywords 15
Engine Coolant 7.3
Cleaning Materials 7.4 ANNEXES
Sealing Compounds 7.5 Role of ASTM Test Monitoring Center Annex Al
Preparation of Apparatus 8 Detailed Specifications and Drawings of Apparatus Annex A2
Test Stand Preparation 8.2 Oil Heater Cerrobase Refill Procedure Annex A3
Engine Preparation 9 Engine Part Number Listing Annex A4
Cleaning of Engine Parts 9.2 Flying Flush Checklists Annex A5
Engine Assembly Procedure 9.3 Safety Precautions Annex A6
General Assembly Instructions 9.3.1 Report Format Annex A7
Bolt Torque Specifications 9.3.2 Control Chart Technique for Stand/Engine Severity Adjustment Annex A8
Sealing Compounds 9.3.3 (SA)
New Parts Required for Each New Engine 9.34 Statistical Equations for Mean and Standard Deviation Annex A9
Harmonic Balancer 9.35 Fuel Injector Evaluation Annex A10
Oil Pan 9.3.6 Pre-test Maintenance Checklist Annex A1l
Intake Manifold 9.3.7
Camshaft Covers 9.3.8 APPENDIXES
Thermostat 9.3.9 Procurement of Test Materials Appendix X1
Thermostat Housing 9.3.10 Data Dictionary Appendix X2
Coolant Inlet 9.3.11
Oil Filter Adapter 9.3.12 2. Referenced Documents
Dipstick Tube 9.3.13
Water Pump 9314 2.1 ASTM Standards:
Sensors, Switches, Valves, and Positioners 9.3.15 D 86 Test Method for Distillation of Petroleum Products at
Ignition System 9.3.16 Atmospheric Pressute
Fuel Injection System 9.3.17 . -
Intake Li, Systefn 0318 D 240 Test Method for Heat of Combustion of Liquid
Engine Management System (Spark and Fuel Control) 9.3.19 Hydrocarbon Fuels by Bomb Calorimeter
Accessory Drive Units 9.3.20 D 287 Test Method for API Gravity of Crude Petroleum and
Exhaust Manifolds 9.3.21 3
Engine Flywheel and Guards 0392 Petroleum Products (Hydrometer Method)
Lifting of Assembled Engines 9.3.23 D 323 Test Method for Vapor Pressure of Petroleum Prod-
Engine Mounts 9.3.24 ;
Calibration 10 ucts (Reld Methoa;) .
BC Pre-Test Verification 101 D 381 Test Method for Gum Content in Fuels by Jet
Engine/Test Stand Calibration 10.2 Evaporatioﬁ
;;‘Jpcfr‘t’i‘r‘];eof Reference Resulis o2 D 445 Test Method for Kinematic Viscosity of Transparent
Analysis of Reference Oils 10.2.3 and Opaque LIC]UIC?S ) ) . .
Flush Effectiveness Demonstration 10.2.4 D 525 Test Method for Oxidation Stability of Gasoline
Instrument Calibration 10.3 (Induction Period Metho&)
Engine Load Measurement System 10.3.1 . L.
Fuel Flow Measurement System 10.3.2 D 1319 Test Method for Hydrocarbon Types in Liquid
Coolant Flow Measurement System 10.3.3 Petroleum Products by Fluorescent Indicator Adsorgtion
m‘:mﬁ§°M“2'e‘sz:‘£mLenTg§§;“nf Measurement System - 10.34 D 2699 Test Method for Research Octane Number of
Other Instrumentation 1036 Spark-Ignition Engine Fuél
Test Procedure , 1 D 3231 Test Method for Phosphorus in Gasoline
Eﬁﬁgfg;’;gosrtg‘r'tt_'ﬂpsm'Up of New Engine ol D 3237 Test Method for Lead in Gasoline by Atomic
Coolant Flush 11.3 Absorption Spectrometpy
New Engine Break-In 1.4 D 3338 Test Method of Estimation of Net Heat of Combus-
Rosutgr:iJsSz;ncc)ipSer:ittlggwn Procedures 1128 tion of Aviation Fuel§ .
Flying Flush Oil Exchange Procedures 11.5.9 D 4294 Test Method for Sulfur in Petroleum and Petroleum
Test Operating Stages 11.5.10 Products by Energy-Dispersive X-Ray Fluorescence Spec-
Stabilization to Stage Conditions 11.5.11 trometryr’
Stabilized BSFC Measurement Cycle 11.5.12 . . . i
Data Logging 11.5.13 D 4485 Specification for Performance of Engine Bils
SEF%',\TUSh Procedurfe Bfgrgf BOif' Befgfe Tgﬁt Oil ﬂgig D 5302 Test Method for Evaluation of Automotive Engine
DSFC Measiremen o B¢ Ol Before Test O 1o1e Oils for Inhibition of Deposit Formation and Wear in a
Test Oil Aging 11.5.17 Spark-Ignition Internal Combustion Engine Fueled with
BSFC Measurement of Aged Test Oil _ 11.5.18 Gasoline and Operated Under Low-Temperature, Light-
BC Oil Flush Procedure for BC Oil After Test Oil 11.5.19 Dut Conditioné
BSFC Measurement for BC Oil After Test Oil 11.5.20 uty i . i
General Test Data Logging Forms 11.5.21 D 5844 Test Method for Evaluation of Automotive Engine
Dot Dif%gngstic ?_ervi‘iWRPfOﬁedufes 12-5-22 Oils for Inhibition of Rusting (Sequence 11B)
etermination of Test Results . . —_
Final Test Report 13 D 5862 Test Method for Evaluation of Engine Qils in the
Validity Statement 13.1
Report Format 13.2
Precision, Validity, and Bias 14 2 Annual Book of ASTM Standardgol 05.01.
Precision 14.1 4 Annual Book of ASTM Standardgol 05.05.
Validity 14.2 3 Annual Book of ASTM Standardéol 05.02.
Test Stand Calibration Status 14.2.1

¢ Annual Book of ASTM Standardgol 05.03.
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Two-Stroke Cycle Turbo-Supercharged 6V92TA Diesel 3.1.9 reference oil n—an oil of known performance char-

Enginé acteristics, used as a basis for comparison. D 5844
E 29 Practice for Using Significant Digits in Test Data to 3.2 Definitions of Terms Specific to This Standard:
Determine Conformance with Specificatiéns 3.2.1 aged test oil —an engine oil to be tested that has

E 191 Specification for Apparatus for Microdetermination been previously subjected to use in a spark-ignited operating
of Carbon and Hydrogen in Organic and Organo-Metallicengine for a prescribed length of service under prescribed

Compound® conditions.
IEEE/ASTM SI-10 Standard for Use of the International 3.2.2 aging n—subjecting of an engine oil to use in a
System of Units (SI): The Modern Metric Systém spark-ignited operating engine for a prescribed length of
2.2 SAE Standard: service under prescribed conditions.
J304 Engine Oil Tests 3.2.3 break-in n—in internal combustion engingthe run-
J1423 Classification of Energy-Conserving Engine Oil forning of a new engine under prescribed conditions until it
Passenger Cars and Light-Duty Trucks reaches stabilized conditions.
2.3 API Standard? 3.2.4 flush v—to wash out with a rush of engine oil, during
API 1509 Engine Oil Licensing and Certification System a prescribed mode of engine operation to minimize carryover
2.4 ANSI Standard? effect from the previous oil and remove residues, before
ANSI MC96.1-1975 Temperature Measurement-introducing a new test oil.
Thermocouples 3.2.51flying flush n—in internal combustion engingshe
_ washing out with a rush of engine oil, during a prescribed
3. Terminology mode of engine operation to minimize carryover effect from
3.1 Definitions: the previously used oil and remove residues without stopping

3.1.1 air-fuel ratio, n— in internal combustion engingthe  the engine after the previous test.
mass ratio of air-to-fuel in the mixture being induced into the 3.2.6 fuel economyn—in internal combustion engingthe
combustion chambers. D 5302 efficient use of gasoline.

3.1.2 automotive adj—descriptive of equipment associated 3.2.6.1 Discussior—Determined by comparing the rate of
with self-propelled machinery, usually vehicles driven byfuel consumption of a test oil with that displayed by a baseline
internal combustion engines. D 4485 reference oil.

3.1.3 calibration, n—the act of determining the indication = 3.2.7 pre-test verificationn—the running of an engine to
or output of a measuring device or a given engine with respedtlentify relative magnitudes of stage BSFC, confirm proper test
to a standard. controls, verify proper engine operation, and engine/stand

3.1.4 calibration oil, —an oil that is used to determine the suitability to run another test olil.
indication or output of a measuring device or a given engine 3.2.8 test oil n—an oil subjected to a Sequence VIA engine
with respect to a standard. oil test; either a reference oil or a non-reference oil.

3.1.5 engine oi] n—a liquid that reduces friction or wear, or
both, between the moving parts of an engine: removes hedr Summary of Test Method
particularly from the underside of pistons; and serves as a 4.1 The 4.6-L internal combustion engine is installed on a
combustion gas sealant for the piston rings. D 5862 dynamometer test stand equipped with the appropriate controls

3.1.6 lubricant, n—any material interposed between two for speed, load, and various other operating parameters.
surfaces that reduces the friction or wear, or both, between 4.2 The test method consists of measuring the laboratory
them. D 5862 engine brake specific fuel consumption at six constant speed/

3.1.7 non-reference ojln—any oil other than a reference load/temperature conditions for the reference oil, the test oil,
oil, such as a research formulation, commercial oil, or candiand the reference oil once again, for a total of 50 h approxi-
date oil. D 5844 mately.

3.1.8 purchaser n—of an ASTM testa person or organiza- 4.3 Aged test oil is compared directly to fresh ASTM BC
tion that pays for the conduct of an ASTM test method on aSAE 5W-3& reference oil, which is run before and after the
specified product. test oil. When changing from test oil to reference oil, an

3.1.8.1 Discussior—The preferred term ipurchaser Dep-  intermediate flush with a special flushing oil (BC flush oil) is
recated terms that have been usedciient, requester, sponsor required to minimize the possibility of a carryover effect from
and customer. Sub. B Glossary the previous oil.

4.4 Test results are expressed as a percent change in brake
specific fuel consumption relative to the reference oil.

7 Annual Book of ASTM Standardéol 14.02.

8 Annual Book of ASTM Standardéol 14.04. 5. Significance and Use

9 Available from Society of Automotive Engineers, Inc., 400 Commonwealth Dr., . .
Warrendale, PA 15096-0001. This standard is not available separately. Order either 5.1 Method—The data obtained from the use of this test

the SAE Handbook Vol. 3 or the SAE Fuels and Lubricants Standards Manuamethod provide a comparative index of the fuel-saving capa-
Hsl-g3. ' . ‘ bilities of automotive engine oils under repeatable laboratory
Available from The American Petroleum Institute (API), 1220 L. St, NW, cqnditions. A baseline calibration oil (hereafter referred to as
Washington, DC 20005. . . . .
11 Available from American National Standards Institute (ANSI), 25 W. 43rd st., BC oil) has been established for this test method to provide a
4th Floor, New York, NY 10036. reference against which all other oils can be compared. The BC
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oil is an SAE 5W-30 grade fully-formulated lubricant. There is TABLE 1 Reference Oil Precision Data

a directional correlation of Test Method D 6202 (Sequenceil N Mean Standard Deviation + 1.80 s
VIA) percent fuel economy improvement (FEI) with the fuel 1902 5 0.37 0.17 0.06 — 0.68
economy results obtained from vehicles representative of30 8 -1.72 0.18 -2.04 - -.140
: H : 31 5 0.36 0.36 -0.29 - 1.01
current production running under the current EPA test|n0_§32 5 064 023 093 105
cycles. 533 9 0.67 0.25 0.22-1.12
5.1.1 The test procedure was not designed to give a preci%gg S 2-22 g-ii 2-13 - 2-22
estimate of the difference between two test oils without 5 105 014 080 — 1.30

adequate replication. Rather, it was developed to compare =
test oil to BC oil.
5.2 Use—The Sequence VIA test method is useful for

engine oil fuel economy specification acceptance. It is used iX I'g 58 grill_giltagﬁleDPa?gilbrecision data for non-reference oils
specifications and classifications of engine lubricating oils,. ="~

such as the following: 3r|/eVIilsSour(/ee\ﬂgvr\$g F:’;\’:ler:r(;llannually by the ASTM Sequence
5.2.1 Specification D 4485, '

oils are reviewed semiannually by the ASTM Sequence VI/

5.2.2 API 1509, 6. Apparatus
5.2.3 SAE J304, and 6.1 General—Certain aspects of each test stand shall be
5.2.4 SAE J1423. commonized in terms of stand hardware. Examples of compo-

5.3 Validity—The results are valid only when all details of nents that are specified are certain pumps, valves, heat ex-
the procedure are followed and when the test is conducted oghangers, heaters, and piping nominal inner diameter (1.D.).
a TMC calibrated test stand. Good engineering practice should/here specified, four classes or categories of stand hardware
be followed in all aspects of the test procedure. Unexpectetiave been designated:
deviation in the controlled test parameters are to be judged in 6.1.1 Class
accordance with the applicable guidelines established in 6.1.1.1 1—Shall use exact make/model/size specified.
14.2.2. Beyond these guidelines, good engineering judgment 6.1.1.2 2—Shall use the recommended make/brand/model
shall be applied in all unforeseen circumstances to protect ther equivalent that meets the specifications as detailed in the
validity of the test results. If anomalies exist within the datatext.
generated during a test and are not addressed within this 6.1.1.33—Shall include but use of make/model/size is
procedure, they should be reported as indicated in X1.1.1. optional.

5.4 Laboratory Engine/Stand Combination Calibratien 6.1.1.44—Suggested or recommended for inclusion, but
Engine test severity is monitored using reference oils (sedse is optional.

X1.1.2). The TMC will assign reference oils for calibration 6.1.2 The class for each component is shown in the right
tests. The reference oils used to calibrate Sequence VIA engif@nd column of Fig. A2.8 for the engine cooling system (see
test stands have been formulated or selected to represef) and Fig. A2.16 for the external oil system (see 6.6). Prints
specific chemical types or performance levels, or both. Thestr special parts are included in this procedure. When using
oils are normally supplied under code numbers (blind referencthese prints to fabricate special parts, the dimensions specified
oils) to ensure that the testing laboratory is not influenced byor the various parts should be used. Do not scale off the
preconceived opinions in assessing test results. drawings or use them as a pattern. All equipment specified in

5.4.1 Number each Sequence VIA test to identify the standghe procedure shall be used. Substitution of equivalent equip-
number, the number of runs on that stand, the engine numbeRent is allowed, but only after equivalency has been proven to
and the number of runs on the engine. For example, 56-21-3-#@¢€ satisfaction of the TMC.
defines a test on stand 56, which is the 21st test on stand 56;6.2 Test Engine ConfiguratierThe test engine is a spe-
engine number three; and the eighth test on engine numbéfally built 1993 4.6-L Ford V-8 engirt€ designed for use with
three. For reruns of operationally invalid or unacceptable test&n automatic overdrive electronic (AODE) transmission. (See
the stand run number shall be incremented by one and th¥1.1.3 for procurement of this engine). Mount the engine on
engine run number shall be followed by the letfor the first ~ the test stand so that the flywheel friction face is 3.6.5°
re-run, B for the second re-run, and so forth. For example, thdfom the vertical with the front of the engine higher than the
next test number for an operationally invalid or unacceptabléear. The U-joint angles shall not be greater than 2.0° in the
test would be 56-22-3-8A. vertical plane and 0.0° in the horizontal.

5.4.2 To ensure proper response to various oil parameters, 6-3 Laboratory Ambient ConditiorsDo not permit air
conduct a reference oil test when a new or previously used teffom fans or ventilation systems to blow directly on the engine.
engine is installed in a test stand. Reference test requirement&!® ambient laboratory atmosphere shall be relatively free of

as described in 10.2, are administered by the TMC. dirt, dust, or other contaminants as required by good laboratory
5.5 Performance Characteristics of Automotive EngineStandards.
Qils: _—
5.5.1 Precision Data—Initial precision data for the indi- 12 A specially built 1993 4.6L Ford V-8 internal combustion engine is a product
idual ref il h in Table 1 of Ford Motor Co., Dearborn, Ml 48121. It is available as Part No. R2G-800-XB
vidual reterence olls are shown In lable 1. (AOD-E) from AER, 1605 Surveyor Blvd., P.O. Box 979, Carroliton, TX 75011-

5.5.2 Reference Oil Data-The precision data for reference o979.
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6.4 Engine Speed and Load ContrelThe dynamometer 6.4.2.4 Dynamometer Load Cell Ambient Temperature
speed and load control systems shall be capable of maintainirgontro—Control the load cell ambient temperature. Enclose
the limits specified in Table 2, Table 3, and Table 4. A typicalthe dynamometer load cell to protect it from the variability of
closed-loop control system maintains speed by engine throttlaboratory ambient temperatures. Maintain air in the enclosure
control and load by dynamometer control. Since these speedithin the operating temperature range specified by the load
and load tolerances require sensitive and precise controtell manufacturer within a variability of no more than 3°C
particular attention should be given to achieving and maintain{= 5.4°F). Control temperature by a means that does not cause
ing accurate calibration of the related instrument systemsuneven temperatures on the body of the load cell.

Control average speed at2 r/min and average load at 0.07 6.4.2.5 Dynamometer Connection to EngiréJse U-joints
N-m (0.05 Ibf-ft) as indicated by digital displays, measuredfor the dynamometer-to-engine connection (see 6.2).

over a 100 to 120 s interval.

6.4.1 Dynamometer-Use a Midwest or Eaton 37 kW (50

hp) Model 758 dry gap dynamometer (see X1.1.4).
6.4.2 Dynamometer Load

6.5 Engine Cooling SystemAn external engine cooling
system, as shown in Figs. A2.1-A2.8, is required to maintain
the specified jacket coolant temperature and flow rate during
the test. The system components are listed in Fig. A2.8. An

6.4.2.1 Dynamometer Load CeltMeasure the dynamom- alternative cooling system is shown in Fig. A2.3. The system
eter load ly a 0 to 45 kg (0 to 100 Ibload cell. The dyno load shall have the following features:
cell shall have the following features: 6.5.1 The closed system is relieved of excess pressure using
(1) Good temperature stability: a normally closed 34.5 to 137.9 kPa (5 to 20 psi) cap (PC-1 in
(1) Zero == 0.001 % full scale output (FSO) per °C Figs. A2.1 and A2.2) (see X1.1.6).

(0.002 % FSO per °F).

(2) Span= = 0.001 % FSO per °C (0.002 % FSO per °F).

(2) Nonlinearity <+ 0.05 % FSO.
(10 to 49°C) (50 to 115°F).

X1.1.5).

6.4.2.3 Dynamometer Load Cell DampetDo not use a

load cell damper.

6.5.2 The pumping system shall be capable of producing

130 = 4 L/min (34.3 = 1.1 gal/min). A Gould G and L

centrifugal pump (P-1 in Figs. A2.1 and A2.2 and Fig. A2.6),
(3) Temperature compensation over range expected in lablodel NPE, size 1ST, mechanical seal, with a 1.49 kW (2 hp),
3450 r/min motor, is specified (see X1.1.7). \oltage and phase
6.4.2.2 ALebow Model 3397 load cell is recommended (seef the motor is optional.

6.5.3 The coolant system volume is not specified; however,

certain cooling system components are specified, as shown in

Figs. A2.1-A2.6, and adhere to the nominal 1.D. of the line
TABLE 2 Sequence VIA Test Operating Conditions Stage Flush and Stage Aging A

Test Condition S| Units Inch-pound Units

Speed, r/min 1500 + 5

Nominal power, kW 15.4 (20.6 hp)

Load, N-m 98.00 * 0.10 (72.28 * 0.07 Ibf-ft)

Oil gallery temperature,® C 125 + 2 (257 = 3°F)

Coolant in temperature,® C 105 = 2 (221 = 3°F)
Temperatures,® C

Oil circulation record

Coolant out record

Intake air 27 =2 (80.6 + 3.6°F)

Fuel temperature to flowmeter 20 to 32 (68 to 89.6 + 4.8°F)

Fuel to fuel rail
Oil heater

Pressures
Intake air, kPa

Fuel to flowmeter, kPa

Fuel to fuel rail, kPa

Intake manifold, kPa abs.
Exhaust back pressure, kPa abs
Engine oil, kPa

Flows

Engine coolant, L/min
Fuel flow, kg/h
Humidity,intake air, g/kg, of dry air
AFR
Ignition timing

(= 3 within this range)
20 £ 2
205

0.05 + 0.02

100 min.

205 to 310
record

104.00 = 0.20
record

130 = 4

record

11.4+ 0.8
14.25:1 to 15.25:1
20° BTDC = 2°

(68 + 3.6°F)
(401°F)

(0.20 * 0.10 in. H,0)

(15 psi min)
(29.7 to 45 psi)

(30.80 = 0.05 in. Hg abs.)

(34.3 = 1.1 gal/min)

(79.8 = 5.6 grains/Ib)
(= 0.25 within this range)

A Counted from the time the temperature set points are initially adjusted to the specific levels. Controlled parameters should be targeted for the middle of the specification

range.
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TABLE 3 Sequence VIA Test Operating Conditions (S| Units)

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
Speed, r/min? 800 800 1500 1500 1500 800
+2 +2 +2 +2 +2 +2
Nominal power, kW 2.18 2.18 5.81 15.39 15.39 2.18
Load, N-m* 26.00 26.00 37.00 98.00 98.00 26.00
+ 0.07 + 0.07 + 0.07 + 0.07 +0.07 + 0.07
Oil gallery temperature,® C* 105 = 1 70 £ 1 70+ 1 70 £ 1 45 + 1 45 + 1
Coolant in temperature,® C* 95 £ 1 60 £ 1 60+ 1 60 £ 1 45 + 1 45 + 1
Stabilization time, min® 60 60 60 60 60 60
ALL STAGES
Temperatures,® C
Qil circulation record
Coolant out record
Intake air® 27 =2
Fuel temperature to flowmeter 20 to 32 (delta from the maximum stage average reading shall be < 4)¢
Fuel to fuel rail* 20 =2
Load cell variability no greater than + 3
Oil heater 205 max
Delta load cell temperature delta from the maximum stage average shall be = 6€
Pressures
Intake air, kPa 0.05+ 0.02
Fuel to flowmeter, kPa 100 min
Fuel to fuel rail, kPa 205 to 310
Intake manifold, kPa abs. record
AExhaust back pressure, kPa abs. 104.00 = 0.17
Engine oil, kPa record
Flows
Engine coolant, L/min 130 + 4
Fuel flow, kg/h” record
Humidity, intake Air, g/kg of dry air 114+ 0.8
AFRA 14.25:1 to 15.25:1 (delta from the maximum stage average shall be < 0.50)¢
Ignition Timing 20° BTDC= 2°

A Critical measurement and control parameters,. Controlled parameters should be targeted for the middle of the specification range.
B Counted from the time the temperature set points are initially adjusted to the specific levels.
€ Difference between the maximum stage average reading of the entire test and the individual stage average readings.

sizes, as shown in Figs. A2.1-A2.6. a Daniel Series No. 30 RT threaded orifice flangéz NPT.
6.5.4 The specified heat exchanger (HX-1 in Figs. A2.1-Size this orifice plate to yield a pressure drop of 1#*21.50
A2.6) is an ITT Standard brazed plate Model 320-20, Part NokPa (45.0+ 2.0 in. H,0O) at a flow rate of 130 L/min (34.3
5-686-06-020-001 (see X1.1.8), or a ITT Bell and Gossetgal/min). There should be ten diameters upstream and five
brazed plate Model BP-75H-20, Part No. 5-686-06-020-00diameters downstream of straight, smooth pipe with no reduc-
(see X1.1.8). Parallel or counterflow through the heat exers or increasers. Flange size shall be same size as pipe size.
changer is permitted. Threaded, slip-on, or weld neck styles can be used as long as
6.5.4.1 Approved replacement heat exchangers are ITT Bed consistent pipe diameter is kept throughout the required
and Gossett brazed plate Model BP-420-20, Part No. 5-68dengths.
06-020-005, and ITT Bell and Gossett brazed plate Model 6.5.7 A control valve (TCV-104 in Figs. A2.1-A2.5) is
BP-422-20, Part No. 5-686-06-020-007. required for controlling the engine coolant flow rate through
6.5.4.2 The specified heat exchanger for the alternativéhe heat exchanger HX-1 and the heat exchanger bypass
cooling system (see Fig. A2.3) is an ITT shell and tube, Modeportion of the cooling system.
BGF 5-030-06-048-001. 6.5.7.1 A Badger Meter Inc. Model No.
6.5.5 An orifice plate (OP-1 in Figs. A2.1-A2.6) is specified. 9003TCW36SV3AXXL36 (air-to-close), or Model No.
Size this orifice plate to provide a pressure drop equal to the8003TCW36SV1AXXL36 (air-to-open) 3-way globe (divert),
of heat exchanger HX-1 and install it in the bypass loop of the50.8-mm (2-in.) valve is the specified valve (see X1.1.10).

coolant system. 6.5.7.2 A Badger Meter Inc. Model  No.
6.5.5.1 An orifice plate (OP-1) is not required when using9003TCW36SV3A29L36 (air-to-close) or Model No.
the alternative cooling system (see Fig. A2.3). 9003TCW36SV1A29L36 (air-to-open) is also acceptable if the

6.5.6 An orifice plate (differential pressure) (FE-103) intrim package used with these valves has a C.V. value of 16.0.
Figs. A2.1-A2.6 is specified (see X1.1.9). This orifice plate is 6.5.7.3 Install the valve in a manner so that loss of air
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TABLE 4 Sequence VIA Test Operating Conditions (Inch-Pound Units)

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
Speed, r/min? 800 800 1500 1500 1500 800
+2 +2 +2 +2 +2 +2
Nominal power, hp 2.92 2.92 7.79 20.64 20.64 2.92
Load, Ibfsft* 19.18 19.18 27.29 72.28 72.28 19.18
+0.05 +0.05 +0.05 +0.05 +0.05 +0.05
Oil gallery temperature,°F* 221+ 1.8 158 + 1.8 158 + 1.8 158 + 1.8 113 £ 1.8 113 £ 1.8
Coolant in temperature,°’FA 203 = 1.8 140 = 1.8 140 = 1.8 140 = 1.8 113 +1.8 113 + 1.8
Stabilization Time, minutes® 60 60 60 60 60 60
ALL STAGES
Temperatures,® F
Qil circulation record
Coolant out record
Intake air® 80.6 + 3.6
Fuel temperature to flowmeter 68 to 89.6 (delta from the maximum stage average reading shall be = 4)¢
Fuel to fuel rail* 68 * 3.6
Load cell delta from the maximum stage average reading shall be = 6€
Oil heater 401 max
Pressures
Intake air, in. H,O 0.2+0.1
Fuel to flowmeter, psi 15 min
Fuel to fuel rail, psi 30 to 45
Intake manifold, in. Hg abs. record
Exhaust back pressure, in. Hg abs.” 30.80 + 0.05
Engine oil, psi record
Flows
Engines coolant, gal/min 343 *+1
Fuel flow, ib/h* record
Humidity, intake Air, grains/lb 79.8 £ 5.6
AFRA 14.25:1 to 15.25:1 (delta from the maximum stage average reading shall be =
0.50)
Ignition Timing 20° BTDC= 2°

A Critical measurement and control parameters. Controlled parameters should be targeted for the middle of the specification range.
B Counted from the time the temperature set points are initially adjusted to the specific levels.

pressure to the controller results in coolant flow through thd=ig. A2.6. The design or model, or both of these items, is
heat exchanger rather than through the coolant bygafls ( optional.

safg. Air-to-open/air-to-close is optional. 6.5.12 A control valve (TCV-101 in Fig. A2.1 and Figs.
6.5.7.4 Control valve (TCV 104) is not required when usingA2.4 and A2.5) is required for controlling the process water
the alternative cooling system (see Fig. A2.3). flow rate through the heat exchanger HX-1. A Badger Meter

6.5.8 A control valve (FCV-103 in Figs. A2.1 and A2.2 and Inc. Model 9001GCW36SV3Axxx36 (air-to-close) or Model
Fig. A2.6) is required for controlling the coolant flowrate to 9001GCW36SV1Axxx36 (air-to-open), 2-way globe, 25.4-mm
130.0= 4 L/min (35 = 1 gal/min). A Badger Meter Inc. Model (1-in.) valve is the specified valve (see X1.1.10). The type of
No. 9003GCW36SV3A29L36, 2-way globe, 50.8 mm (2 in.), trim package that may be used with this valve is optional and
air-to-close valve is the specified valve (see X1.1.10). is designated with the fourteenth, fifteenth, and sixteenth

6.5.9 A Viatran model 274/374, Validyne model DP15, or position of the alphanumeric model number.

Rosemount model 1151 differential pressure transducer (see6.5.13 A 38.1-mm (2Z2-in.) NPT sight glass is required in
DPT-1 in Fig. A2.6) is required for reading the coolant flow the main coolant circuit (SG-1 in Figs. A2.1 and A2.2 and Fig.
rate at the orifice plate (see FE-103 in Fig. A2.2) (see X1.1.11)A2.6). The make/model is optional.

6.5.10 The engine water pump shall either kg (emoved 6.5.14 Brass, copper, or stainless steel materials are recom-
and replaced with a water pump plate as shown in Fig. A2.7 omended for hard plumbing in the coolant system.

(2) modified by removing the impeller and welding a block off  6.5.15 The materials used for process water, hot water,

plate onto the front of the pump or tapping the front of thechilled water, process air, engine coolant overflow, and engine

pump and screwing in a pipe plug. The water pump plate cacoolant transducer tubing are at the discretion of the laboratory.

be fabricated by the laboratory or procured as Part No. 6.5.16 The system shall have provisions (for example, low

OHT6A-014-A (see X1.1.12). point drains) for draining all of the flushing water prior to
6.5.11 A coolant reservoir, a coolant overflow container, andnstalling a new coolant mixture.

a sight glass are required, as shown in Figs. A2.1 and A2.2 and 6.6 External Oil System-An external oil system, as shown
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in Figs. A2.9-A2.19, is required. The external oil system 6.6.5.1 A total volume (including oil volume in the oil pan
components are listed in Fig. A2.16. Although all of the to specified level) of not more than 5.68 L (6 qt) (see 6.6.5.16).
systems are interconnected in some manner, the overall exter-6.6.5.2 An engine oil pan float switch (FLS-152 in Fig.
nal oil system is comprised of two separate circuify:the  A2.9, Fig. A2.13, Fig. A2.19) is required. A Gems Series
flying flush system, which allows the oil to be changed whileALS79999, catalog No. A79999, 20 VA, high temperature float
the engine is running, an®) the circulation system for oil switch is specified (see X1.1.14).
temperature control. The engine oil pan is considered a part of 6.6.5.3 A positive displacement oil circulation pump (P-4 in
the external oil system. The external oil volume of all of theFig. A2.9) is required. A Viking Series 4125, Model G4125, no
circuits as well as the length of connections and surfaces irelief valve, base mounted is specified (see X1.1.15). The
contact with more than one oil in the flush system should beump shall have a V-belt or direct drive 1140 to 1150 r/min
minimized to enable more thorough flying flushes. electric drive motor with a minimum of 0.56 kW (0.75 hp).
6.6.1 The flush system has a high capacity scavenge pumpbltage and phase are optional.
which f.IIIS a 5.68 L.(G qt.) dump reservoir while freSh_OII 'S Nore 1—The explosion proof requirement for the motor is left to the
drawn into the engine oil gallery. The dump reservoir floatyiscretion of the laboratory.
switch then resets certain solenoids and the engine refills to they,.. 2__Either V-belt drive or direct-coupled drive may be used. If

level established by the float switch in the engine oil panv-pelt drive is used, use a 1:1 pulley ratio so that the final speed of the
(which then closes the solenoid to the fresh oil reservoir).  pump is a nominal 1150 r/min.

6.6.2 The oil heat/cool loop uses a proportional controller to 6.6.5.4 Solenoid valves (FCV-150A, FCV-150C, FCV-

bypass t_hg cooling hea_t exphanggr. The temperature is COR50D, and FCV-150E, in Figs. A2.9 and A2.10) are required
trolled within narrow limits with minimal additional heat (and {see X1.1.16).

surface temperatures), and the system can respond quickly 0(1) FCV-150F and its related lines/piping are optional.
establish the three different oil gallery temperatures required in (2) FCV-150A is a Burkert Type 251 piston-operated valve

the procedure. Arrange the proportional three-way contro{Nith Type 312 solenoid valve (or a Burkert Type 2000
valve_ to go to its midpoint during the ﬂying_ ﬂUShe.S to avoid_ iston-operated valve used with a Type 311 or 330 solenoid
trapping oll, and thgre shall be some cooling during test OIealve) for actuation of air supply to piston valve, solenoid
aging so that no oil is trapped in the cooler. ) _valve direct-coupled to piston valve, normally closed, explo-
6.6.3 Cuprous materials are not allowed in any of the Oiljon hroof (left to the discretion of the laboratory), and
system (excluding the oil scavenge discharge system) except %tertight, 19.1 mm%s in.), 2-way, stainless steel.
may be required by the use of mandatory equipment in this (3) FCV-150C is a Burkert Type 251 piston-operated valve
procedure. _ with Type 312 solenoid valve (or a Burkert Type 2000
6.6.4 The flying flush system (see Fig. A2.9) shall have th&,ision-operated valve used with a Type 311 or 330 solenoid
following features (The items shown in the clouded areas iR/g|ye) for actuation of air supply to piston valve, solenoid
Fig. A2.9 are not specifically required. However, a system tha,\ye direct-coupled to piston valve, normally open, explosion
performs these functions is required.) proof (left to the discretion of the laboratory) and watertight,
6.6.4.1 A scavenge pump (P-3 in Figs. A2.9 and A2.10). A12 7 mm ¢z in.), 2-way, stainless steel.
Viking Series 475, gear type, close-coupled pump, Model (4) FC\-150D, FCV-150E, and FCV-150F are Burkert Type
H475M is specified (see X1.1.13). The pump shall have a1 piston-operated valves used with Type 312 solenoid valve
1140 to 1150 r/min electric motor drive with a minimum of (or a Burkert Type 2000 piston-operated valve used with a
0.56 kW (0.75 hp). \Voltage and phase are optional. Type 311 or 330 solenoid valve) for actuation of air supply to
6.6.4.2 Areservoir with a minimum capacity of 19 L (5 gal). piston valve, solenoid valve, direct-coupled to piston valve,
Itis recommended that the system include three reservoirs (oryrmally closed, explosion proof (left to the discretion of the
for BC oil, one for BC flush oil (BCF), and one for test oil). |aporatory) and watertight, 12.7 mrr2(in.), 2-way, stainless
6.6.4.3 An oil stirrer in each oil reservoir. steel.
6.6.4.4 An oil heating system (with appropriate controls) for  (5) Only one type of Burkert piston shall be used on a test
each oil reservoir with the capability of heating the oil in the stand.

reservoir to 107« 2.8 °C (224.6x 5 °F). 6.6.5.5 Control valve (TCV-144 in Figs. A2.9 and A2.10) is
6.6.4.5 A dump reservoir (see Figs. A2.9-A2.12) with arequired. The specified valve is a Badger Meter Inc. Model No.
minimum 6 L (6.34 qt) capacity. 1002TBN36SVOSALNS36, 3-way globe (divert), 12.7 mm

6.6.4.6 A dump reservoir float switch (FLS-136 in Figs. (¥2in.), air to open valve (X1.1.16).
A2.9-A2.12) is optional. A Gems Series ALS79999, catalog 6.6.5.6 Control valve (TCV-145 in Figs. A2.9 and A2.10) is
No. A79999, 20 VA, high temperature float switch is recom-optional (see X1.1.17).

mended (see X1.1.14). 6.6.5.7 A heat exchanger (HX-6 in Figs. A2.9 and A2.10) is
6.6.4.7 Adhere to the nominal I.D. line sizes shown in Fig.required for oil cooling. The specified heat exchangeris an ITT
A2.10. Model 310-20 or a ITT Bell and Gossett, Model BP-25-20
6.6.4.8 The oil scavenge discharge system may use arff’art No. 5-686-04-020-001), brazed plate (see X1.1.18).
plumbing mate.”als' ) . Note 3—The ITT Standard and ITT Bell and Gossett heat exchangers
6.6.5 The circulation system for oil temperature controlhave been standardized under one model and part number. The new
shall have the following features: replacement is Model BP410-20, Part No. 5-686-04-020-002.
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6.6.5.8 An electric heater (EH-5 in Figs. A2.9 and A2.10) isinstalled on the left side of the oil pan. Install a float switch
required for oil heating. The specified heater is a heatindFLS-152 in Fig. A2.9, Gems Series ALS79999, catalog No.
element inserted in the liquid Cerrobase inside a Labeco 0if9999) (see X1.1.14) in the oil pan. The float switch may be
heater housing (see X1.1.19). Any 3000 W heater element mayounted from the pan bottom, as shown in Fig. A2.13 and Fig.
be used within the Labeco housing. There are two recomA2.15, or from an adjustable rod through the dipstick hole (see
mended heating elementst) (a three element with Incaloy Fig. A2.19).
sheath, Chromolox Part No. GIC-MTT-330XX, 230V, single  (a) Oil Pan Baffle—Fig. A2.13 illustrates a side view of the
phase, and?) Wiegland Industries/Chromolox, Emerson Elec- oil pan and the position of the baffle on the left inside wall of
tric Model MTS-230A, Part No. 156-019136-014, 240 V single the pan. The ears on each end of the baffle are bent about 45°
phase. toward the wall of the pan. The top edge of the baffle fits tight

(1) It is specified that a thermocouple be installed in theagainst the wall and is inclined downward toward the front of

external oil heater so that the temperature can be monitorethe engine approximately 23°, with respect to the pan rail.
Install this thermocouple into the top of the heater into thewWhen the baffle is tack-welded in this position, the opening at
Cerrobase (see Fig. A2.17) to an insertion depth of 244:48 the bottom of the baffle will divert the incoming stream of oil
3.18 mm (9.625*= 0.125 in.). The maximum temperature downward and a little toward the back of the pan.

should not exceed 205°C (401°F). 6.6.5.150il Pump Screen and Pickup TubeCut off the
(2) The procedure for replacing a heating element issteel engine oil pick up tube immediately above the oil screen
detailed in Annex A3. and weld a 15 to 18-cm (6 to 7-in.) long, straight, stainless steel

6.6.5.9 Install two oil filters (see FIL-2 in Figs. A2.9 and tube of the same I.D. and outside diameter (O.D.) as the
A2.10) in the external oil system. The filters specified areoriginal tube to the end so the tube will project down through
Oberg or Racor Model LFS-55 with an Oberg or Racor 28 pnthe fitting in the bottom of the pan. The pick up tube can be
stainless steel screen Part No. LFS 5528 (see X1.1.20). modified by the laboratory or procured as Part No. OHT6A-

(1) An alternative oil filter, Model LFS-62 with an Oberg or 008-1 (see X1.1.23). Make the fitting in the bottom of the pan
Racor 28-um stainless steel screen, Part No. LFS 5528 (sé®m a Swagelok SS-1210-1-8-in. compression by/z-in.

X1.1.20), may be used. NPT fitting. Cut the NPT end off and weld remaining part to
(2) Both oil filters in the test stand shall have the same modethe underside outside bottom of the oil pan. There will then be
number. an inside shoulder in the fitting to drill out for ti$e-in. O.D.

(3) Locate one filter anywhere in the external oil system aftetube to pass through (see Fig. A2.13).
the oil circulation pump, and locate the other between the (1) Use the double nylon ferrules (Part No. T-1213-1 and
engine oil pump and where the oil enters the engine oil galleryl-1214-1) to seal against the steel tube rather than metal ones
(4) When replacing the test stand’s oil filters to the alternato avoid crimping the wall of the tube (which can make it
tive Model LFS-62, do so immediately prior to a calibration difficult to reseal after removing the oil pan).
test. (2) After the oil pan is installed on the engine and the use
6.6.5.10 Adhere to the nominal piping I.D. sizing shown in of a compression fitting is arranged to connect the tube to an
Fig. A2.9. external oil hose, the suction tube may be shortened, if
6.6.5.11 Use modified oil filter adapter assembly, Part Nonecessary.
OHT6A-007-1 (see X1.1.21) as shown in Fig. A2.18. 6.6.5.16 Engine Oil Level Contrel-Fit the engine oil pan
6.6.5.12 Engine oil plumbing shall be stainless steel tubingvith @ window on the right side, as shown in Fig. A2.13, as a
or piping or flexible hose suitable for use with oils at the provision for monitoring the oil level while the engine is
temperatures specified. Where flexible hose is used in th&inning and to allow observation of tfiging flushoil changes.
external oil system, excluding the line to the dump tank, use (a) An oil sumpfull level is specified as 4& 10 mm (1.57
either Aeroquip No. 8 (Part No. 2807-8) or Aeroquip No. 10 = 0.4 in.) below the machined surface of the oil pan rail at the
(Part No. 2807-10) (X1.1.22). bottom of the block, measured along the vertical centerline of
6.6.5.13 Insulation of plumbing for the external oil circula- the window while the engine is running under flush and aging
tion system is mandatory, as shown in Fig. A2.6. Insulatiorconditions (125°C oil gallery, 105°C coolant in, 1500 r/min,
material selection is optional but shall have a maximuml5.4 kW). A suitable mark is required on the window at this full
thermal conductivity of 0.276 Btu « in./h «&# °F at a mean level. At other oil temperatures, the oil level will be signifi-
temperature of 90°F. cantly different.
6.6.5.14 Engine Oil Par—OQil pan (Ford Part No. F1AZ- 6.7 Fuel System-A typical fuel delivery system incorpo-
6675-A or F2AZ-6675-A) is required. A modified oil pan may rating all of the required features is shown in Fig. A2.20. The
be fabricated by the laboratory or procured as Part Nofuel system shall include provisions for measuring and con-
OHT6A-006-1 (see X1.1.23). All stock baffles shall be re-trolling fuel temperature and pressure into the fuel flow
moved from the pan. An oil pan baffle, as shown in Fig. A2.14,measuring equipment and into the engine fuel rail.
is required and shall be installed as shown in Fig. A2.13. The 6.7.1 There shall be a minimum of 10 cm (3.9 in.) of flexible
oil pan connections for connecting to the external oil systenine at the inlet and outlet of the fuel flow meter (rubber/
shall be as shown in Fig. A2.13 and Fig. A2.15. Install asynthetic suitable for use with gasoline). Compression fittings
viewing window on the right side of the oil pan, as shown inare allowed for connecting the flexible lines to the fuel flow
Fig. A2.13. An optional additional viewing window may be meter. Fuel supply lines from the fuel flow measurement
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equipment to the engine fuel rail shall be stainless steel tubingroviding fuel from the fuel flow meter to the engine fuel rail,
or piping or any flexible hose suitable for use with gasoline.use a car type fuel pump, Ford Part No. E7TF-9C407 or
The fuel return line from the engine shall have a minimum I.D.E7TC-9C407. The minimum fuel pressure is 205 kPa (30 psig)
of 6.35 mm (0.25 in.). and the maximum is 310 kPa (45 psig).

6.7.2 Fuel Flow MeasurementFuel flow rate measure- 6.7.6 Fuel Filtering—Filtering of the fuel supplied to the
ment is critical and is recorded throughout the test. A Microtest stand is required in order to minimize fuel injector
Motion Model D-6 mass flow meter with an RFT9712 Smartdifficulties.

Family or RFT9739 transmitter, or a Model CMF010 mass 6.8 Engine Intake Air Supply-Suitable apparatus is re-
flow meter with an RFT9739 transmitter are specified (seeuired to deliver approximately 4.0%min (140 f/min) of air
X1.1.24). The Micro Motion sensor may be mounted in ato the engine intake air filter. The intake air supply system shall
vertical or a horizontal position. be capable of controlling moisture content, dry bulb tempera-

6.7.2.1 Fuel flow measurement is coordinated to allow gure, and inlet air pressure, as specified in Table 2 and Table 3,
meaningful calculation of brake specific fuel consumption inwhich is 11.4=+ 0.8 g/kg of dry air (79.8 5.6 grains/Ib of dry
kg/kW-h (Ib/hp-h). Specifically, speed, load, fuel flow, and air), 27 = 2°C (80.8+ 3.6°F), and 0.05: 0.02 kPa (0.2 0.1
air-fuel ratio (AFR) are time averaged over the same 100 tan H,0O). The engine intake air system components are consid-
120 s interval with reasonable provision exercised to minimizeered part of the laboratory intake air system and are specified
measurement lag factors. The use of frequency output from thend are shown in Fig. A2.21 and in the 1993 Ford Service
fuel flow meter is recommended to avoid electrical noisemanuat® page 03-12-2.
affecting analog signal output. 6.8.1 Humidity—Measure humidity with the laboratory’s

6.7.3 Fuel Temperature and Pressure Control to the Fuelprimary humidity system. Correct each reading for nonstand-
Flow Meter—Maintain fuel temperature and pressure to theard barometric conditions, using the following equation:
fuel flow meter at the values specified in Tables 2-5. Precise  yymidity (corrected, grains/lb= 4354x (Psat(Pbar-Psal) (1)
fuel pressure control without fluctuation or aeration is manda-
tory for test precision. The fuel pressure regulator PRG 116where:
shall have a safety pressure relief, or a pressure relief valvePsat = saturation pressure (in. Hg), and

PRV 113, parallel to PRG 116 for safety purposes. Pbar = barometric pressure (in. Hg).
6.7.4 Fuel Temperature and Pressure Control to Engine Sl Units:
Fuel Rai—Maintain fuel temperature and pressure to the Humidity (correctedl, g/Kg = 621.98X (Psat(Pbar-Psa})  (2)

engine fuel at the values specified in Tables 2-5. Precise fuel _
pressure control without fluctuation or aeration is mandatoryWhere: ,
for test precision. Psat = saturation pressure (mm Hg), and
6.7.5 Fuel Supply PumpsThe method of providing fuel o~ P& = bziromgtnqlpre_ssure r(]mm_ Hg). I ould
the fuel flow meter is at the laboratory’s discretion as long as_9-8.2 Inake Air Filtration—The air supply system shou

the requirements for fuel pressure and temperature are met. F ?OV'P'e either water—y\{ashed or filtered ai to the duct. Any
iltration apparatus utilized shall have sufficient flow capacity

to permit control of the air pressure at the engine.

TABLE 5 Sequence VIA New Engine Cyclic Break-in . . . -
d g Y 6.8.3 Intake Air Pressure ReliefThe intake air system

Cycle shall have a pressure relief device located upstream of the
A B engine intake air filter snorkel. The design of the relief device
T?me at each step, min. 4 1 is not Specified_
Time 10 deceerate 10 g:g 8 ws 15 6.9 Temperature Measuremerf he test requires the accu-
Speed, r/min 1500 3500 rate measurement of oil, coolant, and fuel temperatures, and
* 50 * 50 care must be taken to ensure temperature measurement accu-
P ((Irl])’f)-)ft) 47150%(2'315). " 531352(2)2'04) racy. Follow the guidelines outlined by RR:D02-1218.
+ 5.00 (+ 3.69) +5.00 (= 3.69) 6.9.1 All temperature devices should be checked for accu-
Oil gallery, °C (°F) 102 (2;213) 1025 (3231) racy at the temperature levels at which they are to be used. This
Coolant, in, °C (°F) 95 (2(0‘3)) o ((253)) is particularly true of the thermocouples used in the oil gallery,
+2(+3) 2 (+ 3) the coolant in, the inlet air, and the fuel to fuel rail. Iron-
Coolant flow, L/min (g/min) 133 §3+4-23)) 1340((342-)3) Constantan (Type J) thermocouples are recommended for
Intake air temperature and humidity ;ontra not required - temperature measurement, but either Type J or Type K
Ignition timing, ° BTDC record not specified (Chromel-Alumel) thermocouples may be used.
E;haust back pressure, kPa (in. Hg, 104.0 (30.80) not specified 6.9.2 All thermocouples (excluding the oil heater thermo-
abs.) +0.34 (+ 0.1) couple) shall be premium grade, sheathed types with premium
AFR record not specified wire. Use thermocouples of 3.2-mi{in.) diameter. Thermo-
Fuel pressure to fuel rail, kPa (psi) 205 to 310 205 to 310 couple lengths are not specified, but in all cases should be long
(30 to 45) (30 to 45)
Fuel temperature to fuel rail, °C (°F) 20 (68) 20 (68)
B B -
Fuel flow, kg/h (kb/h) r_eczor(d_ %0 Eozt ﬁgei;ﬁ)ed 13 vailable from HELM, Inc., 14310 Hamilton Ave., Highland Park, M1 48203.
BSFC, kg/kWeh (kb/hpeh) record not specified 4 Supporting data have been filed at ASTM International Headquarters and may

be obtained by requesting Research Report RR: D02-1218.
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enough to allow thermocouple tip insertion to be in mid-streanment is in the exhaust system, as shown in Fig. A2.22.

of the medium being measured. The thermocouples shall not 6.11 Exhaust and Exhaust Back Pressure Systems

have greater than 5 cm (2 in.) of thermocouple sheath exposedg 11.1 Exhaust Manifolds-Use production cast iron ex-

to laboratory ambient. haust manifolds, Ford Part No. F1AZ-9430 or F1AE-9430
6.9.3 Some recommended sources of thermocouples a[gasting No. RF F1AE-9430-BB) for right hand and Part No.

Leeds and Northrup, Conax, Omega, Revere, and Thermpiaz-9431 or F1AE-9431 (casting No. RF F1AE-9431-BB)

Sensor. In any case, thermocouples, wires, and extension Wirgsy |eft hand.

s_h(_)uld be matched to perform in accordance with the special 5 11 » Laboratory Exhaust SystemThe exhaust system

limits of error as defined by ANSI MC96.1-1975. gpaified is shown in Fig. A2.22. Components can be radially
6.9.4 System quality shall be adequate to permit calibratioyjented to ease installation, but install all components in the

to = 0.56 °C (1 °F) for individual thermocouples. , order shown. The design of the system downstream from the
6.9.5 Thermocouple Locatior-All thermocouple tips |5cation shown in Fig. A2.22 is at the discretion of the
should be located in the center of the stream of the med'urﬂaboratory.

being measured unless otherwise specified.
6.9.5.1 Qil Inlet (Gallery)—Insert the thermocouple into the h
modified oil filter adapter plate so that the thermocouple tip %

6.11.3 Exhaust Back PressureThe exhaust system shall
ave the capability for controlling exhaust back pressure to the

) . ressures specified in Tables 2-5. The specified exhaust back
flush with the face of the adapter and located in the center ressure probe is shown in Fig. A2.23, and the specified

the_stream of flow, as shown in Fig. A2.18, (that i, remove th xhaust back pressure probe location in the exhaust system is
O-ring from the adapter, place the adapter face on a flat surfacgh own in Fig. A2.22

and insert the thermocouple into the adapter until the thermo- o
couple tip is flush with the flat surface, and lock thermocouple 6.11.4 AFR Analyze_r Prpbe—The §peqﬂed AFR analyzer
into place). probe (see 6.10) location is shown in Fig. A2.22.

6.9.5.2 Oil Circulation—Locate the oil circulation thermo-  6-12 Pressure  Measurement and Pressure = Sensor
couple in the tee in the rear of the oil pan where the oil fromLocatlon.s.—Prt_assure measurement systems for this test method
the external heat/cool circuit returns oil to the pan. The tip of2'® Specified in general terms of overall accuracy and resolu-
the thermocouple shall be at the junction of the side opening ifon With explicit pressure tap locations specified. Gages or
the tee with respect to the through passage in the tee. other pressure devices (such as elec_tron_|c transdugers) may be
6.9.5.3 Engine Coolant In-Locate the thermocouple tip in US€d but Zﬂa” follow the guidelines outlined by
the center of the stream of flow and within 15 cm (5.9 in.) of RR:D02-1218: ) ) _
the housing inlet. 6.12.1 Connecting tubing between the pressure tap locations
6.9.5.4 Engine Coolant Out-Locate the thermocouple tip and the final pressure sensors should incorporate condensation
in the center of the stream of flow and in the coolant returrifaps as directed by good engineering judgment. This precau-
neck within 8 cm (3.15 in.) of the housing outlet. tion is particularly important when low air pressures (as in this
6.9.5.5 Intake Air—Locate the thermocouple in the Ford air €St method) are transmitted by way of lines that pass through
cleaner assembly on the clean side of the filter as shown in FidPW-ying trenches between the test stand and the instrument
A2.21. console. Pressure sensors should be mounted at the same
6.9.5.6 Fuel to Fuel Flow MeterLocate the thermocouple €lévation as the pressure taps. .
within 10 to 50-cm (3.9 to 19.7-in.) line length upstream of the 6.12.2 Engine Oi—Locate the pressure tap for the engine
fuel flow meter inlet. oil pressure at the oil filter adapter. Accuracy of 1 % with 6.9
6.9.5.7 Fuel to Engine Fuel Rai-Insert the thermocouple kPa (1 psi) resolution is required.
into the center of a tee or cross fitting and locate it a minimum 6.12.3 Fuel to Fuel Flow MeterLocate the pressure tap
of 15 cm (5.9 in.) downstream of the fuel pump and within within 5 m from the fuel inlet of the fuel flow meter. Accuracy

15-cm (5.9-in.) line length of the fuel rail inlet. of 3.5 kPa (0.5 psi) is required.
6.9.5.8 Load Cell—Locate the thermocouple within the load  6.12.4 Fuel to Engine Fuel Rai-Locate the pressure tap a
cell enclosure. minimum of 15 cm (5.9 in.) from the outlet of the car type fuel

6.10 AFR Determination-Determine engine AFR by an pump and within 15-cm (5.9-in.) line length of the inlet to the
AFR analyzer. Analysis equipment shall be capable of neafuel rail. Accuracy of 3.5 kPa (0.5 psi) is required.

continuous operation for 30-min periods. 6.12.5 Exhaust Back PressurelLocate the exhaust back
6.10.1 The air fuel ratio analyzer shall meet the followingpressure probe, as shown in Fig. A2.23. The sensor shall be
specifications: accurate to within 2 % with resolution of 25 Pa (0.1 in,®).
Measurement Range AFR: 10.00 to 30.00 6.12.6 Intake Ai—Measure the intake air pressure at the
with H/C = 1.85, O/C = 0.00 location shown in Fig. A2.21. Sensor/readout accuracy re-
Accuracy + 0.1 AFR when 14.7 AFR quired is 2 % with resolution of 5.0 Pa (0.02 in,®)).
with H/C = 1.85, O/C = 0.000 6.12.7 Intake Manifold Vacuum/Absolute Pressure

Temperature (exhaust gas used by sensor) 700 to 900 °CMeasure the intake manifold vacuum/absolute pressure at the
A Horiba Model MEXA 110 analyzer is recommended (seethrottle body adapter. A sensor having accuracy within 1 % and
X1.1.25). with 0.68 kPa (0.1 in. Hg) resolution is required.

6.10.2 The specified location of the analyzer sensing ele- 6.12.8 Coolant Flow Differential Pressure-See 6.5.9.

11
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6.13 Engine Hardware and Related Apparatu3his sec- 6.13.11 Engine Water Pump-Modify or replace as detailed
tion describes engine related apparatus requiring special pun 6.5.10.
chase, assembly, fabrication, or modification. Part numbers not 6.13.12 Thermostat Housing-Use thermostat housing, Part
otherwise identified are Ford service part numbers. No. F1VY-8592-A or F1AE-8594. Modify for engine coolant

6.13.1 Test Engine ConfiguratieaThe test engine is a out thermocouple installation (see 6.9.5.4) or procure as Part
1993 4.6-L Ford V-8 engine equipped with fuel injection. No. OHT6A-010-1 (see X1.1.31).

Purchase the engine as a test ready unit (for procurement see6.13.13 Oil Filter Adapter—Use oil filter adapter, Part No.
X1.1.3). The engine may not be disassembled and shall be us€dAZ-6881, F1AE-6881, or F1AE-6884. Modify for engine
in an as received condition. Only external engine dress itemgoolant in thermocouple installation (see 6.9.5.3) or procure as
are to be installed by the laboratory. Part No. OHT6A-009-1 (see X1.1.32).

6.13.2 ECM/EEC (Engine Control) ModueUse a special 6.13.14 Fuel Rall—pse fuel rail, Part No. F2AZ-9F792-A
modified ECM/EEC IV, Part No. OHT6A-002-1 engine control OF F2ZAE-9F792. Modify the fuel rail inlet and outlet connec-
module, Ford part name SMO-100 (see X1.1.26). This modul&0ns for connection to the laboratory fuel supply system or use
controls ignition and fuel supply functions. Equip this unit with @ fuel rail adapter set, which may be procurred as Part No.
a special EPROM No. GSALB-OH, Part No. OHT6A-005-1 OHT6A-011-1 (see X1.1.33). _

(see X1.1.27). 6.14 Miscellaneous Apparatus Related to Engine Opera-

6.13.3 Thermostat/Orifice Plate-Use an orifice plate, as HO™ o , . .
shown in Fig. A2.24, in place of the thermostat. The orifice 8-14-1 Timing Light—Use an inductive pickup type timing

plate can be fabricated by the laboratory or procured as Paf@ht during the test.Warning—Some types of timing lights
No. OHT6A-004-1 (see X1.1.28). will read out double the actual ignition timing when used on

6.13.4 Intake Manifold—Modify the intake manifold, part this engine.)
No. F1AZ-9424-C, F1AE-9424 or F1AE-9425. Plug the intake; Reagents and Materials
manifold coolant by-pass passage (port under the orifice plate). 7.1 Engine Oil

6.13.5 Flywheel—A special manual flywheel, Part No. . D . .
X ; . 7.1.1 ASTM Baseline Calibration Oil (BC)see X1.1.2) is
F622-6375-AB is required (see X1.1.29). Modify the flywheel used for new engine break-in and as a primary reference oil for

in accordance with laboratory practice to allow for connection,, - /\—«:oo” s toct oils. It is an SAE 5W-30 grade. Approxi-
to the test stand driveshaft.

. . mately 38 L (10 gal) of BC oil are required for each test.
6.13.6 Wiring Harnesses-Two wiring harnesses are used. 7 15 AgTM BCF (see X1.1.2) is a special flushing oil (BC
One is a fuel injector sub-harness and the other is an enging yith increased solubility) that is used when changing oil

ECM/EEC wiring harness. The fuel injector sub-hamess is tQyier 4 test oil has been in the engine. Approximately 6 L (6.3
be one of the following part numbers: F3VB-12522, F3VB- qt) of flush oil are required for each test.

12A522, F3AB-12A522, F3BL-12A522, F2AZ-9D930-A, Or "7 5 Tegt Fuel-The test fuel required is the U.S. Federal
F3AZ-12A522. These harnesses are available from Ford deaission Data fuel, blended to the somewhat tighter specifi-

ers and are similar to that shown in the 1993 Ford serviceaiion ysed by the U.S. test fuel supplier industry. Potential
manual, Fig. K16182-A, page 18-01-22. Disconnect items 11 o1 gppliers are Amoco Oil C¥, Howell Hydrocarbons and
14, 21, and 23 shown in Fig. K16182-A from the harness. Thepemicals, Ind$, Phillips Chemical Cd7, and Sun Refining

other wiring harness is an engine wiring hamess, Part NOynq \arketing Cd® Test repeatability may be improved if one

OHT6A-001-1 (X1.1.30) and is used to connect the car-typ&y the above fuels is used, but in any event the fuel used shall

harness to the ECM/EEC. meet the specifications of Table 8/V&rning—Danger! Ex-
Note 4—A full size version of the engine wiring schematic may be tremely flammable. Vapors harmful if inhaled. Vapors may

obtained from ASTM-TMC. It is not possible to include a reduced sizecause flash fire. (see A6.2.1))

figure in this standard because of the complexity of the details. 7.2.1 Laboratory Fuel Sampling and AnalysidMonitor the

6.13.7 EGR Block-Off Plate—Remove the EGR valve and €St fuel in a manner consistent with good laboratory practices.
replace with a block-off plate, which s to be fabricated by the!t 1S suggested that periodic samples be analyzed to ensure that
the fuel has neither excessively deteriorated nor been contami-

laboratory. Cut off the EGR tube near the exhaust manifold, . ) )
crimp, and weld shut or plug. nated in storage. The following inspections are recommended:
! . . 7.2.1.1 RVP, Test Method D 323 or Automatic Reid Vapor

F2AZ.6075-A. Modiy he ofl pan a6 detaled 1 6.6.5,14 and TS5 Anabzer,
Figs. A2 1-A2.5 T 7.2.1.2 API Gravity, Test Method D 287,

gs. Ac.Z-AL. , , 7.2.1.3 Existent Gum, Test Method D 381,

6.13.9 Oil Pump Screen and Pickup TubdJse oil pump
screen and pickup tube, Part No. F2AZ-6622. Remove the oil

pump screen and modify the pickup tube as detailed in 15 Available from Amoco Oil Co., P.O. Box 3011, Naperville, IL 60566-7011.

6.6.5.15. 16 Available from Howell Hydrocarbons and Chemicals, Inc., 1201 South
6.13.10Idle Speed Control Solenoid (ISC) Block-Off Sheldon Rd., P.O. Box 429, Channelview, TX 77530-0426.
Plate—Remove the idle speed control solenoid (idIe air bypas 17 Available from Phillips Chemical Co., Specialty Chemicals, P.O. Box 968,
. . . orger, TX 79008.
VaIV_e) and replace with a block-off plate, which is to be 18 Available from Sun Refining and Marketing Co., P.O. Box 11325, Marcus
fabricated by the laboratory. Hook, PA 19061.
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TABLE 6 Sequence VIA Fuel Specification 7.4.4.2 Alkylated Naphthalene, Sodium SafPetro dispers-

Fuel Parameter Test Method Analytical Results ant 425 (soap).

Sl Units  Inch-pound 7.4.4.3 Soda Ash Light-(Neutralization).
_ Units 7.5 Sealing CompoundsNo specific sealing compounds

Pb (organie, malL., mx par 132 (osgus. € required (see 9.3.3).

92 8. Preparation of Apparatus
Sensivit. rraT:riE]e 5 8.1 This section assumes that the engine test stand facilities
IBP, °C D 86 239t0 (75 to 95 °F) and hardware, as described in Section 6, are in place. Emphasis
35 is on the recurring preparations needed in the routine conduct
10 % point, °C D86 48.9 to ElFZO to 135 of the test.
57.2 ) 8.2 Test Stand Preparation
50 % point, °C D 86 93.3t0 (200 to 230 8.2.1 Instrumentation Preparatior-Perform the calibration
110 ) of the temperature measuring system, the dynamometer load
90 % point, °C D 86 148910 (300 to 325 measuring system, the fuel flow measuring system, and the
°F) pressure measuring system (see 10.3 for additional details
EP, °C (max) b 86 ;‘ig:g (415 °F) C(_)ncerning instrumentation_ calibration) in a manner consistent

Sulfur, weight %, max D 4294 0.10 with good laboratory practices and record it for future refer-

Phosphorous, mg/L, max D 3231 1.32 (0.005g/U.S. ence.

RVP, kPa . 60.0 10 f’g‘_'; 10 9.2 8.2.2 External Oil System CleaninrgClean the entire ex-

psig) ternal oil system using the engine cleaning solvent (see 7.4.1)
» 63.4 each time a newly built engine is installed.

“yg[gffj;bf,’/: composiion 51319 10 8.2.3 Exhaust Back Pressure Probe Renewdhe exhaust
Aromatics, %, max D 1319 35 back pressure probe can be used until it becomes cracked,
Saturates D 1319 remainder brittle, or deformed. Clean the outer surface of the probe and

Existent gum, mg/L00mL, max . . clear all port holes. Check the probe for possible internal

Oxidation stability, min, min D 525 500 obstruction and reinstall the probe in the exhaust pipe. Stain-

Carbon weight fraction !(Eslzimcaﬁon) report less steel probes are generally serviceable or several tests; mild

Hydrogen/carbon ratio, mol basis ~ E To1 report steel probes tend to become brittle after fewer tests.

(Specification) 8.2.4 AFR Sensor Renewallnspect AFR sensor (see 10.3
mg; 222::23 XZEZ g:ﬁi:g nggg ::gg:: for AFR system calibration requirements).

API gravity ’ D 287 report 8.2.5 Hose Replacementinspect all hoses and replace any

that are deteriorated. Check for internal wall separations that
would cause flow restriction.
7.2.1.4 Oxidation Stability, Test Method D 525,

7.2.1.5 Distillation, Test Method D 86, 9. Engine Preparation
7.2.1.6 Sulfur, Test Method D 4294, and 9.1 Purchase the engine as a test ready unit (for procurement
7.2.1.7 Lead Content, Test Method D 3237. see X1.1.3). The engine may not be disassembled and shall be

7.2.2 Fuel Batch Usage-Run complete test sequences on aused in an as received condition. The only exceptions are
single batch of test fuel. If a new batch of test fuel is introducedexternal engine dress items to be installed by the laboratory and
to the laboratory fuel supply system, it shall be done betweethe valve stem seals can be replaced when necessary. Utilize
finite tests. Ford service parts for a 1993 model year engine (non-AODE

7.3 Engine Coolant-The engine coolant shall be 50/50 transmission) or Sequence VIA parts.
volume % commercial additized ethylene glycol coolant/water. 9.2 Cleaning of Engine Parts
Water should be deionized, demineralized, or distilled. 9.2.1 Cleaning—Soak any parts to be cleaned in degreasing

7.4 Cleaning Materials solvent until clean (see X1.1.36).

7.4.1 Organic Solvent-Penmul L460 (see X1.1.34). 9.2.2 Rinsing—Wash the parts thoroughly with hot water.
(Warning—Harmful vapor. Store at moderate temperature. 9.3 Engine Assembly Procedure

See A6.2.2.2.) 9.3.1 General Assembly InstructionsAssemble the exter-
7.4.2 Oakite 811(see X1.1.35). \Warning—Harmful va-  nal engine dress components in accordance with the detailed
por. Store at moderate temperature. See A6.2.2.3.) description in the 1993 Ford Service Manual. However, in
7.4.3 Aliphatic Naphtha(see X1.1.36). \(Varning—  cases of disparity, the explicit instructions contained in this test
Combustible. Harmful vapor. See A6.2.2.4.) method take precedence over the service manual.
7.4.4 Engine Cooling System Cleans@Narning—Toxic 9.3.1.1 Do not use sealers in tape form (loose shreds of tape
Substance. Avoid contact with eyes, skin, and clothing. Seean circulate in the engine oil and plug critical orifices).
A6.2.2.5.) Consists of the following (see X1.1.37): 9.3.2 Bolt Torque SpecificatiorsWhen installing the en-

7.4.4.1 Oxalic Acid Dihydrate Tech\Warning—Toxic sub-  gine components, use a reliable torque wrench to obtain the
stance. Avoid contact with eyes, skin, and clothing. Seevalues listed in Table 7. These specifications are for clean and
A6.2.2.6.) lightly lubricated threads only. Dirty or dry threads produce
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Description N-m Ibf-ft
Air bypass valve to intake manifold 8-11 71-97
adapter Ibf-in
Air supply tube clamps 1.7-2.6 15-23
Cable bracket retaining bolt 8-12 70-106
Ibf-in
Camshaft covers 8-12 70-106
Ibf-in
Crankshaft damper to crankshaft 155-165 114-121
Crankshaft position sensor (CKP) 8-12 70-106
and CID sensor retaining bolts Ibf-in
Engine coolant temperature sensor 16-24 12-17
(ECT)
EGR valve to intake manifold 20-30 15-22
(block-off plate)
EGR valve line nut to exhaust 35-45 26-33
manifold connector
EGR tube connector 45-65 33-48
Exhaust manifold nuts 27-41 20-30
Exhaust manifold to cylinder head 20-30 15-22
Engine-to-transmission brackets 25-43 18-31
Flywheel to crankshaft 73-87 54-64
Front engine support insulators 20-30 15-22
Front engine support insulator 20-30 15-22
through bolts
Fuel pressure regulator to fuel 3.0-4.5 27-40
rail assembly Ibf-in
Fuel rail assembly 8-12 70-106
retaining bolts Ibf-in
Heater water hose 20-30 15-22
Heater water hose retaining bolts 20-30 15-22
Heated oxygen sensor (HEGO) 37-45 27-33
Idle air control valve (IAC) bolts 8-12 70-106
Ibf-in
Ignition wire tray-to-coil 8-12 70-106
brackets Ibf-in
Intake manifold to cylinder head 20-30 15-22
Oil bypass filter to adapter ¥4 turn past seal contact
Oil filter adapter bolt 20-30 15-22
Oil level indicator tube to block 8-12 70-106
Ibf-in
Oil pan drain plug 11-16 8-12
Oil pan to cylinder block 20-30 15-22
Oil pressure sender/sensor 16-24 12-18
Rear engine support insulator to 20-30 15-22
support
Rear engine support insulator to 40-60 30-44
transmission retaining bolts
Spark plug to cylinder head 9-12 80-106
Ibf-in
Thermostat to intake manifold 20-30 15-22
Throttle body and adapter bolts 8-12 70-106
Ibf-in
Throttle position sensor to throttle 1.2-1.8 11-16
body Ibf-in
Water pump to cylinder block 20-30 15-22
(or block-off plate)
Water temperature indicator 16-24 12-17

sending unit

9.3.5 Harmonic Balance~The balancer, Part No. F1AZ-
6316-A, is included on the engine by the engine supplier.

9.3.6 Oil Pan—Install oil pan, Part No. F1AZ-6675-A or
F2AZ-6675-A, and modify as detailed in 6.6.5.14 and as
shown in Figs. A2.13-A2.15. Use gasket, Part No. F1AZ-
6710-A. Torque the bolts in the sequence shown in 1993 Ford
Service Manual, Fig. A14940-A, page 03-01-19.

9.3.7 Intake Manifold—Install intake manifold, Part No.
F1AZ-9424-C, F1AE-9424, or F1AE-9425. Use gaskets, Part
No. F1AZ-9461-A. Torque the bolts in the sequence shown in
1993 Ford Service Manual, Fig. A14812-A, page 03-01-09.
Modify the intake manifold as detailed in 6.13.4.

9.3.8 Camshaft Covers-Camshaft covers are right hand,
Part No. F1AZ-6582-A; left hand, Part No. F1AZ-6582-B. Use
gaskets, right hand, Part No. F1AZ-6584-A: left hand, Part No.
F1AZ-6584-B. These are included on the engine by the engine
supplier.

9.3.9 Thermostat-Remove the thermostat and replace with
a thermostat orifice plate, as shown in Fig. A2.24 (see X1.1.28
and see 6.13.3).

9.3.10 Thermostat Housing-Install a modified thermostat
housing (see 6.13.12), Part No. F1VY-8592-A, F1AE-8594, or
OHT 6A-01010-1. Use gasket, Part No. F1VY-8255-A.

9.3.11 Coolant Inlet—Modify the coolant inlet connection,
which is cast as a part of the oil filter adapter (see 9.3.12 and
6.13.13). This is included on the engine by the engine supplier.

9.3.12 Oil Filter Adapter—The oil filter adapter is Part No.
F1AZ-6881, F1AE-6881, or F1AE-6884 and is included on the
engine by the engine supplier. Modify the adapter (see 6.13.13)
or use Part No. OHT 6A-009-1. Use gasket, Part No. F1AZ-
6840-A.

9.3.13 Dipstick Tube—Dipstick tube, Part No. F1AZ-
6754-A is included on the engine by the engine supplier.

9.3.14 Water Pump—Install a modified water pump or a
water pump plate (see 6.5.10; Fig. A2.7).

9.3.15 Sensors, Switches, Valves, and Positioners
9.3.15.10il Pressure Switch and Oil Pressure Sensor
Install oil pressure switch, Part No. E9SZ-9278-A and oll

pressure sensor, Part No. 90290 or plugs.

9.3.15.2 Camshaft Positioner Sensor (CMPRIamshaft
position sensor, Part No. F1AZ-6B288-A, is included on the
engine by the engine supplier.

9.3.15.3Crankshaft Position Sensor (CKP)Xrankshaft
position sensor, Part No. F1AZ-6C315-A, is included on the
engine by the engine supplier.

9.3.15.4 Water Temperature Indicator Sender Unilnstall
water temperature indicator sender unit, Part No. F1SZ-

friction, which prevents accurate measurements of the actudi0884-A or F1SF-10884.

torque. It is important that these specifications be observed. 9.3.15.5Idle Speed Control Solenoid (ISS)dle air control
Overtightening can damage threads, which may prevent attaiyalve (idle air bypass valve) is not used; replace with a
ment of the proper torque and may require replacement of thelock-off plate (see 6.13.10).

damaged part.

9.3.15.6 EGR Valve-The EGR valve is not used. Replace

9.3.3 Sealing CompoundsSealing compounds are not with a block-off plate (see 6.13.7).
specified. Use engineering judgment governing the use of 9.3.15.7EGR Valve Positioner (EVP) SenseEGR valve
sealing compounds.Warning—Silicone-based sealers may position sensor is not used.

elevate the indicated Si content of used oil.)

9.3.15.8EGR Vacuum Regulator (EVR) SenseEGR

9.3.4 New parts required for each new engine (see X1.1.3Jacuum regulator sensor is not used. Plug the vacuum lines that

are listed in Annex A4.

would normally be connected to this sensor.
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9.3.15.9Throttle Position (TP) Senserinstall TP sensor, 9.3.18.4Air Cleaner Element-Use air cleaner element,
Part No. F2AZ-9B989-A or FZAF-9B989. Part No. E5TZ-9601.

9.3.15.10Engine Coolant Temperature (ECT) Senseor 9.3.18.5Resonator Box-Use resonator box, Part No.
Install ECT sensor, Part No. F2AZ-12A648-A or F2AF- F2AE-9R504.
12A648. 9.3.18.6 Throttle Body—Use throttle body, Part No. F2AZ-

9.3.15.11Heated Exhaust Gas Oxygen Sensors (HEGO) 9E926 or F2AE-9E926.
Use heated exhaust gas oxygen sensors, Part No. FOTZ-9F4729.3.18.7 Throttle Body AdapterUse throttle body adapter,
FOSZ-9F472-A or F1SZ-9F472-A. Make sure that the HEGOd>art No. F2ZAE-9A589 or FI-VY-9A589.
are correctly connected. The left side (Cylinders 5 to 8) sensor 9.3.19 Engine Management System (Spark and Fuel Con-
harness has a red with black stripe wire coming from therol):
bottom right pin of the connector when looking at the plug 9.3.19.1Engine Wiring Harness-Use a special engine
from the front. The right side sensor (Cylinders 1 to 4) has aviring harness Part No. OHT6A-001-01, engine wiring harness
gray with light blue striped wire in this position. without interface (see X1.1.30).

9.3.15.12PCV—Remove the PCV valve and vent all Pcv  9-3.19.2Engine Control Module (ECMyUse EEC IV
points of connection to atmosphere. Plug all associated vacuuf'gine control module, Part No. OHT6A-002-1 or OHT6A-
lines. 002-3 ECM/EEC (see X1.1.26). This module controls ignition

9.3.15.13Air Charge Temperature (ACT) SenseUse and fuel S_UPD'Y fungtioqs.
ACT sensor, Part No. F2DZ-12A697. (8 Equip this unit with EPROM GSALB-OH-LAH, Part
9.3.15.14Mass Air Flow Sense+Use mass air flow sensor, No. OHT6A-005-1 (see X1.1.27).

i ) i : (b) Supply the EEC power from a battery or a regulated
Part No. FOT.Z 12B579 or F2VF-12B579 (70-mm diameter). power supply (12 V to red wire). Ground the EEC ground wire
9.3.16 Ignition System

to the engine. From the same ground poinhy au2 gage wire

~ 9.3.16.1Ignition Coils—Install right hand and left hand pack to the battery negative to prevent interruption/interference
ignition coils, Part Nos. F1VY-12029, F1VU-12029, F3VU- of the EEC operation.

12029, or F5LU-12029. Use Ignition coil bracket, right hand (c) Measure and verify the ignition timing after every new

Part No. F3AZ-12257, and left hand Part No. F3AZ-12257. £\ installation. The ignition timing shall be 20° BTDE 2°
9.3.16.2Ignition Wires—Install ignition wires, Part No. (see Table 3 and Table 4).

F3PZ-12259-C. Note that spark plug wires to the coil shall be 9 3.19.3Keep Alive Memory (KAM}-Disconnect the KAM

positioned 45° from centerline of crankshaft (outboard androm the 12 Vv supply (yellow wire) while running oil tests.

forward) to ensure boot seal is fully seated against cylinder g9 .3.20 Accessory Drive Units-Do not use external drive

head (1993 Ford Service Manual, Fig. B4477-B, page 03-07gnits, including alternators, fuel pumps, power steering units,

6). air pumps, and air conditioning compressors.
9.3.16.3 Ignition Control Module (ICM)}—Install ICM, Part 9.3.21 Exhaust Manifolds-Use exhaust manifolds, right
No. F1AZ-12K072-A or F1AF-12K072. hand Part No. F1AZ-9430-B and left hand Part No. F1AZ-

9.3.16.4 Spark Plugs—Use spark plugs, Part No. AWSF 9431-B, which are included on the engine by the engine
32C or AWSF 32P. Adjust spark plug gap to 1.31 to 1.41 mmsupplier. Torque bolts in the sequence shown in the 1993 Ford
(0.052 to 0.056 in.). Service Manual, Fig. A13673-A, page 03-01-10.

9.3.17 Fuel Injection System 9.3.22 Engine Flywheel and GuardsThe flywheel is a

9.3.17.1Fuel Injectors—Use fuel injectors, Part No. FOTZ- SPecial unit, Part No. F6ZZ-6375-AB, manual flywheel (see
9F593. Refer to Annex A10 for injector flow specifications. X1.1.29). An engine flywheel guard and safety housing should

Verification of each injector is required prior to use. be installed to suit test stand requil’ementS. M0d|fy the ﬂyWheeI
9.3.17.2 Fuel Rail—Install modified fuel rail. Part No. N accordance with laboratory practice to allow for connection
F2AZ-9F792-A or F2AE-9F792 (see 6.13.14). to the test stand driveshaft.

9.3.23 Lifting of Assembled EnginesAssembled engines
should not be lifted by the intake manifold since this is known
to cause engine coolant leaks.

9.3.17.3 Fuel Pressure RegulaterUse fuel pressure regu-
lator, Part No. E6AZ-9C968 or E7DE-9C968.

9.3.18 Intake Air Syst_em—Thg engine intake ar system 9.3.24 Engine Mounts-Special dynamometer laboratory
components may be oriented in accordance with Iaboratorgngine mounts may be used for the right hand, Part No

requirement. However, use all of the specified components. Jre~"030 128 001 and left hand. Part No. DTSC-80-126-1
9.3.18.1 Air Cleaner Outlet Tube Assembly (Air Bexlse T ' '

air cleaner outlet tube, Part No. F2AZ-9B659. Install with air TABLE 8 Example of Pre-test Verification
cleaner outlet tube clamp (which comes with the outlet tube) Mean Stage 6 Stage Mean
and bolt, Part No. F2AZ-9A624-A. Stage BSFC BSFC Difference
9.3.18.2Crankcase Ventilation TubeRemove crankcase 1 0.70870 - 0.58470 = 0124
1At P2 0.75409 - 0.58470 = 0.169
vent|lgt|on tube, Part No. F1AZ-6C324-A, and plug the porting 0.57393 © 028470 - oon
the air cleaner assembly. 4 0.34124 - 058470 = 0243
9.3.18.3Engine Air Cleaner AssemblyUse engine air > 0.35096 - 058470 = 0234
cleaner assembly, Part No. F2AZ-9600. Modify th bly 0.77926 058470 = 01
Yy, Fart No. - - Modify the assembl¥ q,ge mean 0.58470

(see 6.9.5.5 and Fig. A2.21).

15



A D 6202 — 02
“afl

mounts (see X1.1.38). The right hand and left hand moun€onduct reference oil tests on each test stand/engine combina-
isolators biscuit9 are Part No. DTSC-40-132-1 (see X1.1.39). tion within a laboratory, which is to be considered calibrated,
Rear mount configuration should be in accordance with laboin accordance with ASTM TMC Lubricant Test Monitoring
ratory practice. System (LTMS) guidelines. For a given test stand/engine
9.3.25 Valve Stem SeailsValve stem seals may be replaced combination, conduct a minimum of one operationally valid,
at the laboratory’s discretion. Use the 1993 Ford Servicestatistically acceptable reference oil test after twelve non-
Manual procedure and recommended tools when the seals amference oil tests starts, or after ten operationally valid
replaced. The required replacement seal part number is F4AAEBon-reference oil tests have been conducted, or after 60 days
6A517-AA. Replace the seals immediately prior to a calibra-have elapsed, whichever occurs first. The 60 elapsed days are
tion test. judged from the end-of-test (EOT) day of the last operationally
10. Calibration valid, statistically accep.table reference oil test to the start-of-
' test (SOT) day of a calibrated non-reference oil test. If more
10.1 BC Pre-Test Verification-Run a BC pre-test verifica- than 30 days elapse between operationally valid tests, EOT to
tion to identify stage BSFC relative magnitudes and to confirmsOT, on a stand/engine combination, a minimum of one
proper test apparatus controls (that is, speed, load, and fugherationally valid, statistically acceptable (per LTMS) test is
flow measurements). BC pre-test verifications are also run tqequired. If acceptable results are obtained on the reference oil
10.1.1 Verify that a new engine is performing properly and the pre-test verification is acceptable, the test stand/engine

before conducting the new engine/stand reference, and is calibrated. An operationally valid pre-test verification may
10.1.2 Verify the engine/stand is suitable to evaluate anothese substituted for an operationally valid Sequence VIA test to
test oil once sequential testing of oils has commenced. fulfill the 30 day requirement. The pre-test verification run

10.1.3 Run a pre-test verification at completion of newshall count as one of the twelve non-reference oil test starts and
engine break-in and as a requirement of each lubricant test.does not have to meet the pre-test verification acceptance

10.1.4 Calculate the pre-test verification using the meawyiteria. Calibrate test engines once removed from the test
BSFC for all six stages and calculating the difference of thisstand and reinstalled, even if the test number and time criteria
mean from each of the six individual test stage mean BSFCs tgre met by the engine. Laboratories shall inform the TMC with
three decimal places. a written explanation when a test engine is removed from a test

10.1.5 The pre-test verification of BC is considered operastand and installed into another test stand. Only appropriate test
tionally invalid if two or more of the pre-test verification limits engines (X1.1.3) can be calibrated.

are exceeded. A test oil should not be introduced if this occurs. 192.1.1 For new test stand/engine combinations, run the
The laboratory should investigate possible causes prior tgy ee required reference tests as follows:

additional BC testing attempts. Laboratories should make (1) BC/R1/BC: report results to TMC: BC/R2/BC; report
pretest verification data available upon request to the TMC. ¢ iits to TMC: BC/R3/BC: report results to TMC: or

10.1.6 If test oil tests are being run instring, that is, . . .
BC/C1/BC/C2/BC, the pre-test verification requirement and ) BC/Rl/BC/RZ“_‘D’C’ report results to TMC; BC/R3/BC;
report results to TMC; or

limits apply only to the BC before test oil. In the example
shown in Table 8, if the BC after test oil No. 1 does not meet _(3) BC/R1/BC; report results to TMC; BC/R2/BC/R3/BC;
the pre-test verification, Table 9, requirements, this failure doe&POrt results to TMC; or
not result in the test on test oil No. 1 being operationally ~ (4) BC/R1/BC/R2/BC/R3/BC; report results to TMC.
invalid. It would, however, require that tHailing BC not be 10.2.1.2 Run the single reference test as — BC/R1/BC;
used as the BC before test oil for the test for test oil No. 2. report results to TMC.

10.1.7 Actions possible if pre-test verification is not satis- 10.2.1.3 Two categories of reference oils will be identified.

factory: The categories include reference oils that demonstrate response
10.1.7.1 Continue break-in if a new engine has not succesgrimarily related to viscometrics and those that do not. The
fully completed break-in. ASTM TMC will assign reference oils from each category for

10.1.7.2 Investigate possible stand related causes, that ie initial reference tests and will alternate appropriately for
measurement calibration of speed, load, or fuel flow, oitests thereafter. The referencing system will be reviewed once
combination thereof. the industry database has twenty tests on an appropriate

10.1.7.3 If chemical contamination is suspected, then deaumber of reference oils to determir® @ppropriate referenc-
condition with additional treatment of BCF or extended run-ing frequency; I¢) applicability of a severity adjustment factor;

ning on BC and run another BC pre-test verification. (c) appropriate acceptance statistics.
10.2 Engine/Test Stand CalibratierThis event will be 10.2.1.4 The effective date of a reference test is the LTMS
monitored by the ASTM TMC. date and time of the reference test. Test start time is defined as

10.2.1 Procedure—Test stand calibration is accomplished the introduction of the reference oil into the engine. The LTMS
by conducting tests on ASTM TMC reference oils (X1.1.2).date and time are defined as the date and time the test was
completed (completion of the BC run following the reference

TABLE 9 Pre-test Verification Limits oil) unless a different date and time are assigned by the TMC.

Stage1 Stage2 Stage3 Stage4 Stage5 Stage 6 The TMC may schedule more frequent reference oil tests (or
Max 0.139 0.185 0.000 -0.225 -0.215 0.216 | f f il . di .
Min 0102 0152 0021 0262 0253 0182 approve less frequent reference oil tests) at its discretion.

Under special circumstances (that is, extended downtime due
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to industry-wide parts or fuel outages) the TMC may extendauthorized by the ASTM TMC. In such instances, supply
reference periods. Non-reference oil tests conducted during theritten confirmation of the circumstances involved, the data to
extended time allowance shall be annotated in the test notee obtained, and the name of the person requesting the analysis
section of the report. to the TMC.

10.2.1.5 Failure of a reference oil test to meet Shewhart or 10.2.3.2BC Oil and BCF Flush O#~The BC oil and BCF
exponentially weighted moving average (EWMA) control flush oil may be analyzed only to the extent required to
chart limits can be indicative of a false alarm, engine, tesevaluate the effectiveness of a test stand’s flushing system. This
stand, test laboratory, or industry related problem. When thisinalysis will be limited to molybdenum content. The BC oil or
occurs, the laboratory, in conjunction with the TMC, shall BCF oil shall not be subjected to further physical or chemical
attempt to determine the problem source. Industry problemanalyses, or both, other than those specified within this
shall be adjudicated by the ASTM Sequence VI/VIA Surveil- procedure unless specifically authorized by the TMC. In such
lance Panel. instances, supply written confirmation of the circumstances

10.2.1.6 The TMC will decide, with input as needed from involved, the data to be obtained, and the name of the person
Industry expertise (testing laboratories, test procedure devefequesting the analysis to the TMC.
oper, ASTM Technical Guidance Committee, Surveillance 10.2.4 Flush Effectiveness Demonstraties\ laboratory
Panel, and so forth) if the reason for any unacceptable blinghall demonstrate the flush effectiveness of its flying flush oil
reference oil test is isolated to one particular engine or stand gystem for any new stand and for any stand that has had
related to other stands. If it is decided that the problem ignodifications made to the oil system. By using an oil contain-
isolated to an individual engine or stand, calibrated testing oing metal traceable by inductive coupled plasma (ICP), a
other stands may continue throughout the laboratory. laboratory shall demonstrate a 99 % flush effectiveness after

10.2.1.7 If non-standard tests are conducted on a calibratéfe final flush of a detergent flush (see 11.5.9)) when
engine or test stand, recalibrate the engine and stand prior f#£térgent flushing from the demonstration oil to BC oil. ASTM
running standard tests. Non-standard tests are defined as théde FEEO-103 (FM) has proven satisfactory for use in this
conducted with operating conditions (that is, engine speed§lemonstration. The procedure is as follows (FM = FM or other
loads, temperatures, and so forth) outside the normal tesuitable oil containing metal traceable by ICP):
operating conditions or with a fuel other than the specified test 10.2.4.1 With the engine already charged with BC oil, warm
fuel. engine to Stage Flush (see Table 2).

10.2.2 Reporting of Reference Resw#dransmit the refer- ~ 10.2.4.2 Take a 118-mL (4-0z) sample of the FM oil from
ence oil test results to the TMC (see Annex Al) using Figsthe oil reservoir (samplaewoil).
A7.1-A7.15 shown in Annex A7 immediately after completion 10.2.4.3 Flush in FM oil, run 30 min.
of test analysis. The TMC will review the transmitted reference 10.2.4.4 Flush in FM oil, run 30 min.
oil test results and use the LTMS to determine test acceptabil- 10.2.4.5 Flush in FM oil (this completes the FM oil change).
ity. If the test is judged acceptable, the reference oil code will 10.2.4.6 Run 30 min, take a 118-mL (4-0z) purge sample,
be disclosed by the TMC. The complete final test reportand pour back into the engine. Take a 118-mL (4-0z) retain
package as defined in Annex A7 shall be received within 3Gample (Sample 1).

days of test completion by the: 10.2.4.7 Flush to BCF flush ail, run 2 h, take a 118-mL
Manager of Operations (4-0z) purge sample, and pour back into the engine. Take a
ASTM Test Monitoring Center 118-mL (4-0z) retain sample (Sample 2).

6555 Penn Avenue 10.2.4.8 Flush in BC oil, run 30 min, take a 118-mL (4-0z)
Pittsburgh, PA 15206-4489 purge sample, and pour back into engine. Take a 118-mL (4-0z)

10.2.2.1 In the event the reference oil test is not acceptablegtain sample (Sample 3).
the laboratory may elect to attempt another reference in the 10.2.4.9 Flush in BC oil, run 30 min, take a 118-mL (4-0z)
same engine. In the event that the engine does not attajjurge sample, and pour back into engine. Take a 118-mL (4-0z)
calibration, the laboratory shall remove the engine and goetain sample (Sample 4).
through the normal process of calibrating a new engine. 10.2.4.10 Flush in BC oil, take a 118-mL (4-0z) purge
Operationally valid, statistically unacceptable data on removedample, and pour back into engine. Take a 118-mL (4-0z) retain
engines will be included in all appropriate databases (industrgample (Sample 5).
reference oil, laboratory severity, and precision...) unless the 10.2.4.11 Analyze samples—new oil, 1, 2, 3, 4, and 5 by ICP
engine failing to calibrate is a new engine (has never beefor the traceable metal and report the results to TMC (com-
calibrated and conducted non-reference oil tests). parison is sample 10.2.4.10 versus 10.2.4.6).

10.2.3 Analysis of Reference Oils 10.3 Instrument Calibratior-Record all instrument cali-

10.2.3.1 Reference Oils-Do not subject reference oils to brations for further reference. Perform a complete test stand
physical or chemical analyses, or both, for identificationinstrument calibration prior to conducting the initial reference
purposes. ldentifying the oils by analyses could undermine th&est in a new engine. A previously calibrated (existing) stand/
confidentiality required to operate an effective blind referenceengine will require that the following be calibrated prior to the
system. Therefore, reference oils are supplied with the explicihext reference testa) engine load measurement systetn), (
understanding that they will not be subjected to analyses othduel flow meter; €¢) engine speed; andd AFR analysis
than those specified within this procedure unless specificallgquipment.
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10.3.1 Engine Load Measurement Systei@alibration by records for two years.
use of deadweights is required at the start of a series of tests10.3.6 Other Instrumentatioas-As a minimum, calibrate
and before each reference test. Prior to calibration, start thiastrumentation for measuring parameters other then those
engine and run for a minimum of 30 min at 1500 r/min and adetailed in 10.3-10.3.5.1 after every 30 non-reference oil tests
minimum torque of 37 N-m. Shut the engine down, leaveor every three months, whichever occurs first.
dynamometer cooling water on, and start performing the load
cell calibration within 3 min after shutdown. 11. Test Procedure
10.3.2 Fuel Flow Measurement SystertUse accurate  11.1 Preparation for Initial Start-Up of New Engire
weight scale/time measurements for calibrating. Perform thigjeasure and verify the ignition timing as specified in Tables 3
calibration at three fuel flow rates (approximately 1.4, 3.2, antynd 4.
5.4 kg/h). Evaluate each flow rate a minimum of three times to 11 1 1 External Oil Syster-The external oil system should
verify repeatability. be cleaned each time a new engine is installed (see 8.2.2).
10.3.2.1 The test stand flowmeter shall perform to within 11 1.2 Preparation for Oil Charge-Check the apparatus
0.25 % at 5.4 kg/h, 0.32 % at 3.2 kg/h, and 0.54 % at 1.4 kg/kearefully to be sure that all oil lines and fittings are properly

of the calibration standard. For each flow rate, a minimum otjghtened and aligned. This includes the apparatus for the
three consecutive flow readings shall be within the specifiegiying flush oil change system.

tolerance. The calibration standard shall be at least four times 11 1.3 0il Charge for Coolant Flush-Service both oil

more accurate than the test stand flowmeter at each specifigflers (see 6.6.5.9) to ensure they are clean and that the seals
flow rate. are in good condition. Charge the engine with 5.68 L (6.0 qt)

10.3.3 Coolant Flow Measurement Systertalibrate the of fresh BC oil. Check the oil level and add as necessary to
flow measuring device a minimum of once every three monthspring oil level tofull level, (see 6.6.5.16).

10.3.4 Thermocouple and Temperature Measurement 11.1.4 Engine Coolant Charge for Coolant FluskhThe
System-The calibration of the test stand temperature measurehoses or tubing leading from the venturi coolant flowmeter to
ment system (thermocouple through readout) is checked at thee differential pressure sensor may be isolated (by closing the
test stand using the existing readout system prior to running @alves or disconnecting the hoses) to prevent contamination of
new engine reference or a minimum of once every threghe water in these hoses.
months whichever occurs first. For the critical temperatures 11.1.4.1 Prepare cooling system cleanser solution by adding
(see Table 3 or Table 4) the individual temperature sensorsxalic acid at the ratio of 23 g/L (3 oz/gal) and adding Petro
shall indicate within+ 0.56°C (= 1°F) of the laboratory Dispersant 425 at the ratio of 1 g/L (0.15 oz/gal) of water for
calibration standards. The calibration equipment utilized shalihe coolant flush charge (see 7.4.4). Charge the coolant system
be appropriate for thec 0.56°C (* 1°F) accuracy level here with this solution.
specified. See 6.9 for additional thermocouple calibration 11.2 Initial Engine Start-Up—Connect the fuel line to the
requirements. engine fuel rail or open the fuel shut-off valves, or both. Ready

10.3.5 Humidity Measurement SystenCalibrate the pri- the control console (engine ignition on, external oil circulation
mary laboratory measurement system at each stand on pump on, safety circuits ready). Crank the engine. When the
semiannual basis using a hygrometer with a minimum dewvengine is running at idle (approximately 800 r/min, zero load),
point accuracy of=0.55°C at 16°C £ 1°F at 60°F). Locate the check for fuel, oil, coolant, water, and exhaust leaks. Connect
sample tap on the air supply line to the engine in the intake aithe intake air supply duct. During idle, check the ignition
cleaner. timing to verify it is 20° BTDC.

10.3.5.1 The calibration consists of a series of paired 11.3 Coolant Flush
humidity measurements comparing the laboratory system with 11.3.1 Operate the engine at idle conditions (800 r/min, no
the calibration hygrometer. The comparison period lasts frontoad) for 40 min while maintaining a coolant temperature of 65
20 min to 2 h, with measurements taken at 1 to 6 min intervals;= 5°C (150+ 10°F). Then open the engine block petcock and
for a total of 20 paired measurements. The measuremethteat exchanger drain valve. Add fresh tap water to the system
interval shall be appropriate for the time constant of theuntil the drains run clear. Continue adding fresh tap water to
humidity measuring instruments. the system for 5 min after the drains begin running clear. Close

10.3.5.2 Verify that the flow rate is within the equipment the block and heat exchanger drains and add the cooling system
manufacturer's specification, and that the sample lines argeutralizer (sodium carbonate) (see 7.4.4), which has previ-
nonhygroscopic. Correct dew point hygrometer measuremengusly been mixed at the ratio of 3.8 g/L (0.50 oz/gal) of hot
to standard conditions (101.12 kPa [29.92 in. Hg]), using thevater.
appropriate equation (see 6.8.1). Compute the difference be-11.3.2 After the engine has run for 45 min with the
tween each pair of readings, and calculate the mean amkutralizer while maintaining a coolant temperature of265
standard deviation of the twenty paired readings, using Eq A9.5°C (150= 10°F), open the drain valves and add fresh water
and A9.2 in Annex A9. The absolute value of the meanuntil the drains run clear. (The pH of the incoming and
difference shall not exceed 1.43 g/kg (10 grains/Ib), and th@utgoing water should be the same at this point). Stop adding
standard deviation shall not be greater than 0.714 g/kg (&esh water, close drain valves, and run engine for 20 min
grains/lb). If these conditions are not met, investigate theunder coolant flushing operating conditions.
cause, make repairs, and recalibrate. Maintain calibration 11.3.3 Shut down engine using the procedure given in
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11.5.8. Disconnect the intake air supply duct as soon as thef time versus BSFC measurements should indicate an overall
engine is shut down. BSFC change after the tenth Stage 1 reading of not more than
11.3.4 Drain coolant. 1 % over four consecutive (70, 80, 90, and 100 h) Stage 1
11.3.5 Fill coolant system with pre-mixed coolant consist-readings. If the BSFC trend does not meet the suggested
ing of 50/50 volume % mixture of additized ethylene glycol stability, break-in may be continued as detailed in 11.4.5 until
coolant and deionized, demineralized, or distilled water. the BSFC trend meets the suggested stability or break-in may
11.3.6 Coolant charge may be reused for additional test$e terminated and a BC pre-test verification run (see 10.1). In
however, new coolant should be installed each time a newither event, a new engine shall meet the BC pre-test verifica-

engine is installed. tion requirements (see 10.1) before a reference test is run.
11.3.7 Perform the coolant flush procedure at the comple- 11.5 Routine Test Operatierf no operational, calibration,

tion of a new engine break-in. or pre-test verification problems occur, non-reference oil tests
11.4 New Engine Break-t-A broad overview of the en- May be run in a string of up to a maximum of five consecutive

gine break-in is as follows: non-reference oil tests without a shutdown being required, for

11.4.1 A minimum of 100 h of cyclical operation with BC example—BC/NRl/BC/NR2/BC/NR3/BC/NR4/BC/NR5/BC.

oil are logged as specified in 11.4.5. Hourly BSFC measure:\N (_)verview of a single non-reference oil test is as follows
ments are routinely recorded. The intense care for precisioff/Min.kW,oil temp °C): _ _ _
required for test operation is not required for cyclical break-in 11.5.1 Complete pre-test maintenance. A checklist for main-
operation (see 11.4.4). After each 10 h of cyclical operationt€n@nce is shown in Table A11.1.
the engine is brought to Stage 1 test conditions (see Table 3), 11.5.2 Start engine. -
stabilized for 1 h, and six 5-min BSFC readings are taken. This 11.5.3 Warm up to flush conditions (1500/15.4/125).
operation should be performed with the care for precision 11.5.4 Double flush to BC oil.
required for test operation. The total minimum length for 11.5.4.1 Stabilize at Stage 1 (800/2.2/105) and acquire data
break-in is 115 h (100 h cyclic, 15 h at Stage 1 conditions). for Stage 1.
11.4.2 If the engine meets the stability requirements (see 11.5.4.2 Stabilize at Stage 2 (800/2.2/70) and acquire data at
11.4.6), then the engine is considered to be adequately brokeRiage 2.
in. 11.5.4.3 Stabilize at Stage 3 (1500/5.8/70) and acquire data
11.4.3 Oil Charge for Break-lr—-At completion of com- at Stage 3.
pression check (see 11.3.4), service both oil filters to ensure 11.5.4.4 Stabilize at Stage 4 (1500/15.4/70) and acquire data
that they are clean. Drain oil and charge the engine with 5.68t Stage 4.
L (6 qt) of fresh BC oil. This oil charge is used for the entire  11.5.4.5 Stabilize at Stage 5 (1500/15.4/45) and acquire data
new engine break-in. at Stage 5.
11.4.4 Break-In Operating Conditiors-Follow the break-in 11.5.4.6 Stabilize at Stage 6 (800/2.2/45) and acquire data at
schedule for new engines as shown in Table 5. It is suggesteztage 6.
that the cycling be a step function, rather than a ramped 11.5.5 Double flush to non-reference oil.
function. If a ramp function is used, take care to ensure that the 11.5.5.1 Age 16 h at stage age (1500/15.4/125).
ramp is not too mild, since too mild a ramp may not work the 11.5.5.2 Stabilize at Stage 1 (800/2.2/105) and acquire data
engine hard enough to successfully accomplish break-in.  at Stage 1.
11.4.5 Break-In Operating Phases 11.5.5.3 Stabilize at Stage 2 (800/2.2/70) and acquire data at
11.4.5.1 Cyclical Phase— For ten 10-h segments, operate Stage 2.
the engine through continuously repeating 5-min cycles de- 11.5.5.4 Stabilize at Stage 3 (1500/5.8/70) and acquire data
fined by Cycles A and B in Table 5. Record data hourly duringat Stage 3.
Cycle A, including the parameters given in 11.4.4 plus BSFC 11.5.5.5 Stabilize at Stage 4 (1500/15.4/70) and acquire data
and fuel flow as a minimum. During the cyclic phase, paceat Stage 4.
measurements so as to be finished near the end of the 4-minl11.5.5.6 Stabilize at Stage 5 (1500/15.4/45) and acquire data
(1500 r/min) run (Cycle A). This provides a rough indication of at Stage 5.

the BSFC (stability) trend during break-in. 11.5.5.7 Stabilize at Stage 6 (800/2.2/45) and acquire data at
11.4.5.2 Stabilized Phase- After each 10-h cyclical seg- Stage 6.

ment, operate the engine at Stage t foh of stabilization 11.5.6 Detergent flush to BC oil.

followed by six 5-min readings (see Table 3). Run this 11.5.6.1 Stabilize at Stage 1 (800/2.2/105) and acquire data

stabilized Stage 1 phase ten times during the break-in. at Stage 1.

11.4.5.3 Break-In Hours— The following is a description of 11.5.6.2 Stabilize at Stage 2 (800/2.2/70) and acquire data at
the count of break-in hours (cyclic for 10 h followed by Stage Stage 2.
1 for 1.5 h)-10/1.5/10/1.5/10/1.5/10/1.5/10/1.5/10/1.5/10/1.5/ 11.5.6.3 Stabilize at Stage 3 (1500/5.8/70) and acquire data
10/1.5/10/1.5/10/1.5 = 115 h at Stage 3.

11.4.6 Break-In Acceptance CriteriaThe break-in opera- 11.5.6.4 Stabilize at Stage 4 (1500/15.4/70) and acquire data
tion may be terminated after a minimum of 100 h of cyclical at Stage 4.
operation and ten Stage 1 phases. As an indicator of stability, 11.5.6.5 Stabilize at Stage 5 (1500/15.4/45) and acquire data
the BSFC trend of the BC oil in Stage 1 as indicated by a ploat Stage 5.
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11.5.6.6 Stabilize at Stage 6 (800/2.2/45) and acquire data at (6) Allow the engine to continue running at 1500 r/min, 125

Stage 6. °C oil temperature for 30 min at stage flush temperatures.
11.5.7 Shut down or continue with next non-reference oil. (7) Reaccomplish Stef. with BC oil.
11.5.8 Start-Up and Shutdown Procedure$n accomplish- (8) Allow the engine to continue running at 1500 r/min, 125

ing a routine engine shutdown, disconnect the fuel lines ofC oil temperature for 30 min at stage flush temperatures.
close the fuel valves for the fuel supply after the engine has (9) Reaccomplish Step. with BC oil.
been shut down. Remove the intake air supply duct. It is (10) Return the engine to Stage 1 (800 r/min, 2.2 kW,
preferable to shut the engine down at Stage 6 (800/2.2/45)05°C), and follow stabilization procedure for BSFC measure-
conditions. ment with BC oil.

11.5.8.1 Unscheduled Shutdown and Restafithere are no 11.5.9.2Double Flush From BC Oil to Test G#This
scheduled shutdown periods in the test. Continuous operatigorocedure removes the previous oil and is performed when
is expected from initial warm-up prior to flushing in the BC oil flushing from BC oil to test oil. A checklist for this double flush
before test oil through the final testing of the BC oil segmentis shown in Fig. A5.2. This double flush is accomplished as
after the test oil. If an unexpected shutdown does occur, théollows:
maximum allowable downtime per test is 10 h. Only four (1) Heat the test oil in the external reservoir within the range
unscheduled shutdowns per test are allowed, and the maximuftom 93 to 107°C (199.4 to 224.6°F).
allowable downtime in any one unscheduled shutdown is 8 h. (2) Bring the engine to 1500 r/min, 98 N-m (72.3 Ibf-ft) load
If unexpected shutdowns occur, the following guidelines applyat stage flush temperatures (125°C/257°F oil).

Testing Phase Restart and Continuation Procedure (3) Switch the external oil system to flush mode (see Fig.

_ I _ A5.2) and allow the engine to draw 5.68 L (6 qt) of non-

During Stabilization Runs Return to start of current step. Continue . . . .
on existing schedule without deleting any refergnce oil while 5.68 L (6 qgt) of oil is being scavenged from
of actual running stabilization time. the oil sump.

During BSFC Measurement Runs  Reaccomplish the stabilization run in en- Note 6—The scavenge pump will draw oil until the level in the oil
tirety and acquire all new BSFC data after dump tank reaches the 5.68-L (6-qt) level and the float level switch in the
the designated stabilization. dump tank turns off the scavenge pump. When the scavenge pump is

During Oil Flushes or During Test  Continue on existing schedule without de- turned off, the'solen0|ds switch so that oil star.ts remrgulatlng to the engine

Oil Aging leting any of the prescribed operating as the sump fills to 5.68 L (6 gt). When the oil level in the sump reaches

time. the full level (5.68 L/6 qt), the float level switch in the oil pan closes the

. . solenoid to the oil reservoir, and the oil fully recirculates to the engine.
11.5.9 Flying Flush Oil Exchange ProceduresThese Y g

flushing procedures involve oil exchanges without stopping the (4) Allow the engine to continue running at 1500 r/min, 15
engine. In all cases, bring the engine to stage flush (1500/15.4W load, 125°C oil temp for 30 min at stage flush tempera-
125) temperature conditions (see Table 2) before initiating anjures.
flush. Flushing checklists are provided in Annex A5. (5) Reaccomplish Step.

11.5.9.1 Detergent Flush-This procedure is intended to  (6) Allow the engine to continue running at 1500 r/min, 15
remove any residual effects from the previous oil and iskW load, 125°C oil temperature for 30 min at stage flush
performed when flushing from test oil to BC oil. A checklist for temperatures.
this detergent flush is shown in Fig. A5.1. Accomplish this (7) Reaccomplish Ste.
detergent flush in the following steps: (8) Bring the engine to Stage Age (see Table 2).

(1) Heat the BC flush oil and BC oil external reservoirs 11.5.9.3Double Flush From BC Oil to BC Gil-This
within the range from 93 to 107°C (199.4 to 224.6°F). procedure removes the previous oil and is performed when
(2) Bring the engine to 1500 r/min, 98 N-m (72.3 Ibf-ft) load flushing from BC oil to BC oil between strings of test oil tests.
at stage flush temperatures (125°C/257°F oil). A checklist for this double flush is shown in Fig. A5.3. This

(3) Switch external oil system (see Fig. A2.9) to flush modedouble flush is accomplished as follows:
and allow the engine to draw 5.68 L (6 qt) of BCF flush oil (1) Heat the test oil in the external reservoir within the range
while 5.68 L (6 qt) of oil is being scavenged from the oil sump.from 93 to 107°C (199.4 to 224.6°F).

_ _ _ _ (2) Bring the engine to 1500 r/min, 98 N-m (72.3 Ibf-ft) load
Note 5—The scavenge pump will draw oil from the oil sump until the

oil level in the dump tank reaches the 5.68 L (6 qt) level and the float Ievef:'lt stage .ﬂUSh temperatures_ (125°C/257°F all). .
switch tin the dump tank turns off the scavenge pump. When the scavenge (3) Switch the eXtema! oil system to flush mode (see Flg.
pump is turned off, the solenoids switch so that oil starts recirculating t¢?2.2) and allow the engine to draw 5.68 L (6 qt) of test oil
the engine as the oil sump fills to 5.68 L (6 qt). When the oil level in thewhile 5.68 L (6 qt) of oil is being scavenged from the oil sump.
sump reaches the full level (5.68 L) (6 qt), the float level switch in the oil
pan closes the solenoid to the oil reservoir and the oil then fully
recirculates to the engine.

Note 7—The scavenge pump will draw oil until the level in the oil
dump tank reaches the 5.68-L (6-qt) level and the float level switch in the
dump tank turns off the scavenge pump. When the scavenge pump is

(4) Allow the engine to continue running at 1500 r/min, 15 turned off, the solenoids switch so that oil starts recirculating to the engine
kW load, 125°C oil temp fo2 h atstage flush temperatures. as the sump fills to 5.68 L (6 gt). When the oil level in the sump reaches

(5) With BC oil at the specified temperature for flushing, the full level 5.68 L (6 qt), the float level switch in the oil pan closes the
switch to the BC oil reservoir and reaccomplish S3apith BC solenoid to the oil reservoir, and the oil fully recirculates to the engine.

(flush, fill, run). (4) Allow the engine to continue running at 1500 r/min, 15
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kW load, 125°C oil temperature for 30 min at stage flushpoints and the beginning of the first BSFC measurement cycle
temperatures. for that stage. It, therefore, includes the time during which the
(5) Reaccomplish Step. temperatures are changing. Manage the speed, load, coolant,
(6) Allow the engine to continue running at 1500 r/min, 15 and oil temperature control loops such that the processes are
kW load, 125°C oil temperature for 30 min at stage flushbrought to the desired set points expeditiousatning—If
temperatures. stabilization or oil flush times are extended owing to opera-
(7) Reaccomplish Step. tional problems, the test results may be adversely influenced.)
(8) Return the engine to Stage 1 (800 r/min, 2.2 kW, 105°C), 11.5.12 Stabilized BSFC Measurement CyelAfter the
and follow the stabilization procedure for BSFC measuremenstabilization period (1 h) has elapsed for each stage, run a
with BC oll. series of six BSFC measurements by the cycle that is described
11.5.10Test Operating StagesTable 3 depicts the test in Fig. 1. During this 30 min period, control the operating
operating conditions for the stages, Table 10 depicts theonditions for all of the critical parameters as closely as
schedule of operation, and Fig. 1 depicts the method opossible to the mean value as shown in Table 3. A minimum of
obtaining fuel flows and BSFC's for results comparison. 100 data points are required for speed, load, fuel flow rate, and
11.5.10.1 After an engine has been broken in and test&FR for integration during each six of the approximate 2 min
indicate that the engine responds properly to a reference 0i(100 to 120 s) data sample intervals. A minimum of a single
then test oils can be evaluated relative to BC oil. This entailsnap shot reading of each of the other parameters shown in
comparing the total fuel consumed (mass) for aged test oil ruffable 3 should be taken during each 100 to 120 data sample
at the six stages with that of the average of the fresh BC oil ruperiod. BSFC is calculated for each of the six stages as follows.

before and after the test oil. Table 11 shows detailed information for calculation of BSFC.
11.5.11 Stabilization to Stage ConditionsAfter the flying (integrated fuel flow(9549.3
flush to each oil (BC or test oil) and for the change to each (integrated loagl (integrated speed BSFC in kgkWeh (3)

stage, a stabilization timef @ h is specified prior to beginning here:
the BSFC measurement cycle. This time is that which elapses where:

betw initially chanding th d/load/t t %ptegrated speed (r/min) to one dgcimal place,
etween initally changing the speediloaditemperature s ntegrated load (Nem) to two decimal places, and

Integrated fuel flow rate (kg/h) to three decimal places.

TABLE 10 Test Schedule 11.5.12.1 Calculate BSFC measurements as in Eq 3 for each

EEslgg“Sa;sd of the six steps in each stage to four decimal places and record
Time, after rounding (see Practice E 29) the average for each stage to
BC Oil Test min” five decimal places. Calculate the coefficient of variation (C.V.)
Start, warm-up to stage flush, double flush to BC 2:00 of the six BSFC determinations. Due to the low engine
B . . . .
228’ EEEE%Z: I:ga x g Z: gggz; i;gg operating speed and low fuel consumption in Stages 1, 2, and
S60. BSFC/fuel flow X 6 at Stage 3 130 6 it is recognized that the C.V. for these stages may tend to be
S60, BSFC/fuel flow x 6 at Stage 4 1:30  higher than for Stages 3, 4, and 5.
S60, BSFC/fuel flow X 6 at Stage 5 1:30 H H H H
560, BSFGffuel flow x 6 at Stags 6 130 (a) A test cannot be deemed operationally invalid for high
Subtotal 11:00 C.V. alone. ) . .
Test Oil Test 11.5.13 Data Logging— Utilize the format shown in Report
Warm-up 1o stage flush. double fiush o test o 130 Format Annex A7. Include formal log sheet numbers and other
Age 16 h at stage age 16:00 admini.strative Qetails as Iabora.tory policy may _require. In
$60, BSFC/fuel flow x 6 at Stage 1 130 operations that involve computerized data acquisition systems,
S Bl on ot S 1% refer to the ASTM TMC for guidance.
SGO: BSFClfuel flow x 6 at Stage 4 1;30 11.5.14 BC Oil Flush Procedure for BC Before Test OilAt
S60, BSFC/fuel flow x 6 at Stage 5 1:30  the start of test, the engine is warmed up to stage flush
S60, BSFC/fuel flow < 6 at Stage 6 ubiotal ,eo0 conditions (see Table 2) and the BC oil is flushed into the
y——— engine without shutting the engine down. The sequence of
1l Tes - .
events for this flush are as follows (see 11.5.9.3 and Fig. A5.3):
Warm-up to stage flush, detergent flush to BC 3:30 B
S60, BSFC/fuel flow X 6 at Stage 1 1:30 11.5.14.1 Warm engine to stag(_a flush.
S60, BSFC/fuel flow X 6 at Stage 2 1:30 11.5.14.2 Double flush to BC oil.
228, Egiggue: ;:ow x gai gagei 1138 11.5.14.3 Proceed with BC oil BSFC data acquisition.
, uel Tlow X al age . . .
S60. BSFC/fuel flow 6 at Stage 5 130 11.5.15BSFC Measurement of BC Oil Before Test-Qil
S60, BSFC/fuel flow x 6 at Stage 6 1:30  Run Stages 1 through 6 as detailed in Table 3. Obtain six BSFC
End of test hSUtztOta' 1230 measurements at each stage according to the critical data
na or test snutaown s e . . . .
Overall total s0.00  @cquisition period as detailed in Fig. 1 and 11.5.12.

4 Adhere to stabilization times and times for the six replicate BSFC measure- :_1'1'5'15_'1 When six data paints have been obtained at St?‘ge
ments. Warm-up and cool-down times included in flushing elapsed times are 1, immediately calculate the C.V. for the mean BSFC of the six
esgrEates (Isee 311.3:?.1, 613'5'-9'?\?”(1 2155-9-.3)- icate BSEC runs. If the runs are satisfactory, continue on to Stage 2, 3, 4,

xample—Stabilize 60 min followed by six replicate measurements at :
5-min intervals (3 min for set-up, 2 min for time averaged BSFC with Stage 1 5and 6 as Show_n in Table 3. i
operating conditions). 11.5.16 Test Oil Flush Procedure-After the BC oil before
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1:00 hour

0:30 hour

STABILIZATION PERIOD

Beginning
of Stage

Min, :05 :05 :05 :05 :05 :05 :05 :05

CRITICAL DATA ACQUISITION PERIOD

:03

Start time is when
controller setpoints
are changed.

Establish operating
conditions precisely.

CRITICAL DATA ACQUISITION PERIOD

Obtain 6 BSFC readings at 5-minute intervals over a total period of 30

minutes. The first 3 minutes of each 5-minute cycle is for "fine

tuning” all controlled test parameters; the final 100 to 120 seconds is

for obtaining the BSFC data.

During the 3-minute periods, fine tune
operating conditions taking before BSFC

measurements. Shaded areas represent End
six time-averaged BSFC measurements of
{100 seconds to 120 seconds). Stage

FIG. 1 Data Acquisition Sequence

TABLE 11 Information for Calculation of BSFC

1W = 1Nem/s

1kW = 1000 Nem/s

1kW = 60000 Nem/min

1kW = 2 = T N/60000

1kW = T N/9549.3

Example:

Speed = 800 r/min

Torque = 19.18 Ibf-ft = 26.004 Nem

hp = T N/5252 = (800 X 19.18)/5252 = 2.92
kW = T N/9549.3 = (800 X 26.004)/9549.3 = 2.1785052
2.1785052 kw/*746 = 2.92 hp

In SI Units:
_ (fuel flow, kg/h)(9549.3)
BSFC = (speed, rimin) (Torque, Nem) @
In Inch-pound Units:
(fuel flow, Iblh)(5252)
BSFC = @

(speed, rimin) (Torque, Ibf—ft)

stage age set points are changed to Stage 1 for stabilization and
BSFC measurement.

11.5.17.10il Consumption During Aging-Monitor test oil
consumption during the 16-h aging period by observing the
running oil level in the engine sump viewing window. In the
first 10 h of aging, make fresh oil additions as necessary so that
the oil level will not be below the full mark at the end of the
16 h period. No oil additions are allowed after the first 10 h of
aging. The oil level may not be more than 475 mL (16 0z)
above the full mark at any time. If the oil level is above the full
mark at 16 h of aging, drain the oil back to the full mark.
Record all oil adds and drainsWarning—The oil level is
normally considerably higher in the viewing window when the
engine is operating at stage age than when operating at the
lower temperature stages.)

11.5.17.20il Sampling—Obtain a 60-mL (2.03-0z) sample
of aged oil at the end of the 16-h aging period.

test oil segment is completed, the test oil is flushed into the 11.5.17.3Data Logging During Aging-A trouble log and
engine without shutting the engine down. The sequence ddil consumption record are also required. Fuel consumption
events for this flush are as follows (see 11.5.9.2 and Fig. A5.2)neasurements and other operating conditions are recorded at

11.5.16.1 Double flush to test oil, and
11.5.16.2 Proceed with test oil aging.

least on an hourly basis. More frequent data logging is
encouraged since averaging of repeat BSFC measurements is

11.5.17 Test Oil Aging— A 16-h time period is specified for desirable in this test.
test oil aging at stage aging which are the same conditions as 11.5.18 BSFC Measurement of Aged Test-OAfter 16 h of
stage flush (see Table 2). The 16-h interval starts when thaging of the test oil, run Stages 1 through 6 as detailed in Table
double flush procedure is completed and ends at the time th& Obtain 6 BSFC measurements at each stage in accordance
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with the critical data acquisition period as detailed in Fig. 1 and TABLE 12 Calculation of Test Results

11.5.12. Test Nominal Nominal Npminal Time
11.5.18.1 When six data points have been obtained at Stage Stage igﬁﬁd E\‘/’vwerv Ooé' Temperature, Ea‘?‘o“

1, immediately calculate the C.V. for the mean BSFC of the six . 50 18 o8 P,

runs. If the runs are satisfactory, continue on to Stage 2, 3, 4, ; 800 518 70 0.082500

5 and 6 as shown in Table 3. 3 1500 5.81 70 0.035417
11.5.19BC Oil Flush Procedure for BC Oil After Test 4 1500 15.39 70 0.078250

Oil—Atter the test oil segment of the test is completed, flush ¢ osd 59 P PP

BC oil into the engine without shutting the engine down. The ,
. 11 For test Stage 1, Steps 1 through 6, round and record the 5-min BSFC
sequence of events for this flush are as follows (see 11.5.9.1 jeasurements to four decimal places using ASTM rounding.

and Fig. A5.1): 2 Average the BSFC measurements of the six steps to five decimal places
11.5.19.1 Detergent flush to BC oil. and using ASTM rounding. Units for BSFC are kg/Kw-hr.
. . ! L 3 Multiply the average by the shown nominal power and time factor for Stage
11.5.19.2 Proceed with BC oil BSFC data acquisition. 1 and record the answer to six decimal places. The unit for this number is kg
11.5.20 BSFC Measurement of BC Oil After Test-&4Run of fuel consumed.

f : f f Perform calculation Steps 1, 2, and 3 for the remaining test Stages (2 to 6)
Stages 1 through 6 as detailed in Table 3. Obtain six BSFE sing the respective nominal power and time factors.

measurements at each stage in accordance with the critical dataTotal the mass fuel consumption values for all six stages.
acquisition period as detailed in Fig. 1 and 11.5.12. 6 Add 0.2540 kg to the total. This is a constant for a test condition (Stage) that

. . . is not run but that gives appropriate magnitude to the fuel economy
11.5.20.1 When six data points have been obtained at Stage improvement result. This stage was found to produce stable fuel

1, immediately calculate the C.V. for the mean BSFC of the SiX  consumption levels because the small changes in friction due to the oil were

runs. If the runs are satisfactory, continue on to Stage 2,3, 4, avey small percentage of overall engine friction relative to the total engine
. 0 power output.
3, and 6, as shown in Table 3. When the BC after test oil 1S Complete the total fuel consumed calculation detailed in Steps 1 to 5 for the

completed, calculate the BC shift as follows: BC oil immediately preceding the test oil, the test oil, and the BC oil
(@) Reference test: ((RBC1KG-RBC2KG) + RBC1K®) 8 immediately after the test oil.

Calculate the average BC fuel consumption with BCpeceqe @Nd BCyier-

100 (See Fig- A7-3)- 9 Compute the test oil fuel economy improvement (FEI) as follows:
(b) Non-reference test: (BC1KG-BC2KG) + BC1KG&) % FEI = {[BCyyerage” TSt Oll/BCyyerage} X 100
100 (see Fig A7 3) 10 Adjust the FEI result on non-reference tests for the stand/engine severity in

accordance with Annex A7.

11.5.20.2 It is recommended that the BC shift not exceed

0.5 %. However, a test cannot be deemed operationally invalid

for high BC shift alone. o ) )
11.5.21 General Test Data Logging FormsUtilize the A7.1) which is signed by the person responsible for conducting

format shown in Annex A7. Include formal log sheet numbersth€ test.
and other administrative details as laboratory policy may 13-2 Report Format-The standard ASTM Sequence VIA

require. In operations that involve computerized data acquisit®St report forms are shown in Annex A7. _
tion systems, refer to the ASTM TMC for guidance. 13.2.1 BC Start Date—The BC start date is defined as the

11.5.22 Diagnostic Review ProceduresTo ensure test op- date when the BC k?efore test oil qush_ente_rs intp the engine.
erational validity, critically review the data logs at frequent 13-2.2 BC Start Time-The BC start time is defined as the
time when the BC before test oil flush enters into the engine.

intervals during the test. The final review after the test is . S
completed is only partially effective in identifying problems, = 13-2.3 Non-Reference/Reference Oil Start Dafehis is

since the indicated data cannot be cross examined by first hafi§fined as the date when the first non-reference or reference
observation. Early detection of instrumentation errors is essert€St Oil flush enters into the engine. o

tial and often the record for information parameters (dependent 1_3'2'4 Non-Rgference/Referepce Oil Start TivBhis is
variables) indicate problem areas involving the primary controf€fined as the time when the first non-reference or reference

parameters. The following parameter response characteristil€St 0il flush enters into the engine. o _
are significant: 13.2.5 Total Engine Hours at End of TesiThis is defined

11.5.22.1 Stabilization trends as the cumulative engine hours at the completion of BC after

: : " test oil.
11.5.22.2 Air fuel ratio stability, . . .
11.5.22.3 Fuel flow stability, 13.2.6 Test Duratior—Engine hours accumulated during

; BC before test oil through BC after test oil.
11.5.22.4 Intake manifold vacuum/absolute pressure, 13.2.7 Fuel Batch—This is defined as the batch number for
11.5.22.5 Speed, :
the most recent batch of fuel that has been put into the fuel tank

11.5.22.6 Load, and e ; - .
11.5.22.7 Exhaust back pressure (it is recognized that in most cases a fugl tank will not be

e ' completely empty before a new load of fuel is put into the tank,
so the fuel in the tank may actually be a mixture of two or more

12. Determination of Test Results

batches).
12.1 Calculate the test results as detailed in Table 12. 13.2.8 Oil Viscosity MeasurementMake the viscosity de-
) terminations on non-reference oils only in accordance with
13. Final Test Report Test Method D 445. Make and report viscosity determinations

13.1 Validity Statement-Include a statement pertaining to at 40°C and 100°C (see Fig. A7.2) for new oil and for aged (16
the validity of the test at the bottom of the report title page (Fig.h) oil.
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13.2.9Use of Sl Units—Report all results in Sl units. 14.1.3 Reproducibility (R}—This is defined as the difference
Follow the rules for conversion of inch-pound units to Sl unitsbetween two single and independent results obtained by
as described in IEEE/ASTM SI-10. different operators working in different laboratories on the

13.2.10 Precision of Reported UnitsUse Practice E 29 for same oil would, in the long run, in the normal and correct
rounding off data. Use the rounding-off method to report dateconduct of the test method, exceed the values shown in Table

to the required precision. 13, in only one case in twenty.
13.3 Data Dictionary—The Data Dictionary is shown in  14.2 validity—The following guidelines provide a basis for
Appendix X2. judgements regarding the validity of test results. The ASTM

TMC administers reference test requirements utilizing these
and other guidelines.
14.1 Precision—Test precision is established on the basis of 14 2 1 Test Stand Calibration StatusThe essential require-

reference oil test results (for operationally-valid tests) moni-ments of 10.1 and 10.2 provide the basis for official recognition
tored by the TMC. The data are reviewed semi-annually by th@ys test stand calibration.

Sequence VI/VIA Surveillance Panel. Contact the ASTM TMC
for current industry data.

14.1.1 Test precision as established for the official accep,
tance of this procedure is shown in Table 1.

14. Precision, Validity, and Bias

14.2.2 Validity Interpretation of Deviant Operational
Conditions—In the general case, engineering judgment at the
l[aboratory governs the validity acceptance of tests having
deviant operational history. The TMC is involved in this
Note 8—Contact the ASTM TMC for up-to-date data. process for tests conducted using reference oils and is available

14.1.2 Repeatability (3—This is defined as the difference for consultation for tests conducted on non-reference oils.
between successive results obtained by the same laboratdfyerages of critical parameters (speed, load, exhaust back
under constant operating conditions on the same oil would, iRT€Ssure, engine oil gallery temperature, engine coolant in
the long run, in the normal and correct conduct of the tesfemperature, intake air temperature, fuel to fuel rail tempera-

method, exceed the values shown in Table 13, in only one cadHr® and AFR), taken as sets of six 5 min readings at test
in twenty. Stages 1 through 6 that do not meet procedural specifications,

will invalidate a test if the BSFC values from such deviant

TABLE 13 Sequence by way of Reference Oil Precision blocks of data are used in the final computation of the results.

Statistics A Excursions during the six passes that make up the average are
Variable Repeatability® Reproducibility® acceptaple as I.ongl as the average is W|th|.n procedural limits.
. S r Sg” R® 14.3 Bias—Bias is determined by applying an acceptable

Fuel economy improvement, % 0.15 0.42 statistical technique to reference oil test results, and when a

A These statistics are based on results obtained on Test Monitoring Reference Significam bias is determined’ a severity adjustment is permit-

Oils 529, 531, 534, 535-1, 536, and 1002. .
B Repeatability values refer to tests run on the same oil in the same stand/ ted for non-reference oil test results (See Annex A8)'

engine combination.
€ Reproducibility values refer to test run on the same oil on different stand/ 15 Keywords
engine combinations. '
> s = standard deviation 15.1 aged test oil; break-in; calibration oil; flying flush; fuel

£ 0n the basis of test error alone, the difference, in absolute value, between two X iee L . .
test results will be expected to exceed this value only about 5 % of the time. economy; pre-test verlflcatlon, reference Oll’ Sequence VIA;

F Due to limited data these values are not available. spark-ignition automotive engine
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ANNEXES
(Mandatory Information)

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

Al.1 Nature and Functions of the ASTM Monitoring Center A1.6 New Laboratories-Laboratories wishing to become
(TMC)—The ASTM TMC is a non-profit organization located part of the ASTM Test Monitoring System will be requested to
in Pittsburgh, Pennsylvania and is staffed to administer engieonduct reference oil tests to ensure that the laboratory is using
neering studies; conduct laboratory visits; perform statisticathe proper testing techniques. Information concerning fees,
analyses of reference oil test data; blend, store, and shilaboratory inspection, reagents, testing practices, appropriate
reference oils; and provide the associated administrative fun@ommittee membership, and rater training can be obtained by
tions to maintain the referencing calibration program forcontacting the TMC Administrator at:
various lubricant tests as directed by Subcommittee D02.B and ASTM Test Monitoring Center
the Test Monitoring Board. The TMC coordinates its activities g555 penn Ave.
with the test sponsors, the test developers, the surveillance pjttshurgh, PA 15206-4489

panels, and the testing laboratories. )
Al.7 Introducing New Sequence VIA Reference -Bilhe

Al.2 Rules of Operation of the ASTM TM&The TMC  calibrating reference oils produce various fuel economy re-
operates in accordance with the ASTM Charter, the ASTMsyits. When new reference oils are selected, member laborato-
Bylaws, with Regulations Governing ASTM Technical Com- ries will be requested to conduct their share of tests to enable
mittees, the Bylaws Governing ASTM Committee D02, and thethe TMC to establish the proper industry average and test
Rules and Regulations Governing the ASTM Test Monitoringacceptable limits. The ASTM D02.B0.01 Sequence VIA Sur-
System. veillance Panel will require a minimum number of tests to

A1.3 Management of the ASTM TMCThe management of establish the ind_ustry average and test acceptance targets for
the Test Monitoring System is vested in the Test Monitoring"€W reference oils.

Board (TMB) elected by Subcommittee D02.B. The TMB A1.8 TMC Information Letters
selects_th(_a TMC Administrator who is responsible for directing A1.8.1 Occasionally it is necessary to change the procedure,
the activities of the TMC staff. and to notify the test laboratories of the change, prior to

Al.4 Operating Income of the ASTM TMCThe TMC consideration of the change by either Subcommittee D02.B on
operating income is obtained from fees levied on the referencAutomotive Lubricants, or ASTM Committee DO2 on Petro-

oils supplied and on the calibration tests conducted. Fe#um Products and Lubricants. In such a case, the TMC will
schedules are established and reviewed by Subcommittégsue an Information Letter. Information Letters are balloted by

D02.B. Subcommittee D02.B. By this means, the Society due process
) ) procedures are applied to these Information Letters.
Al.5 Conducting a Reference Oil Test A1.8.2 The review of an Information Letter prior to its

Al1.5.1 For those laboratories that choose to utilize theoriginal issue will differ in accordance with its nature. In the
services of the ASTM TMC in maintaining calibration of test case of an Information Letter concerning a part number change
stands, full-scale calibration testing shall be conducted athat does not affect test results, the TMC is authorized to issue
regular intervals. These full-scale tests are conducted usinguch a letter. Long-term studies by the Surveillance Panel to
coded reference oils supplied by the ASTM TMC. It is aimprove the test procedure through improved operation and
laboratory’s responsibility to keep the on-site reference oihardware control may result in a recommendation to issue an
inventory at or above the minimum level specified by the TMCInformation Letter. If obvious procedural items affecting test
test engineers. results need immediate attention, the test sponsor and the TMC

A1.5.2 When laboratory personnel decide to run a referencwill issue an Information Letter and present the background
calibration test, they shall request an oil code from theand data to the Surveillance Panel for approval prior to the
cognizant TMC engineer. Upon completion of the reference oisemiannual Subcommittee D02.B meeting.
test, the data shall be sent in summary form (use TMC- A1.8.3 Authority for the issuance of Information Letters
acceptable forms) to the TMC by telephone facsimile transwas given by the committee on Technical Committee Opera-
mission, or some other method acceptable to the TMC. Théons in 1984, as follows: “COTCO recognizes that D-2 has a
TMC will review the data and contact the laboratory engineemnique and complex situation. The use of Information Letters
to report the laboratory’s calibration status. All reference oilis approved providing each letter contains a disclaimer to the
tests, whether aborted, invalidated, or successfully completedffect that such has not obtained ASTM consensus. These
shall be reported to the TMC. Subsequent to sending the dataformation Letters should be moved to such consensus as
in summary form to the TMC, the laboratory is required torapidly as possible.”
submit to the TMC the written test report specified in the test A1.8.4 Information Letters appertaining to this procedure
procedure. issued prior to 1996-7-09 are incorporated into this standard. A
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listing of such Information Letters, and copies of the lettersnotes and suggestions of the collection and analysis of special
may be obtained from the TMC. Information Letters issueddata that the TMC may request, or any other pertinent matters
subsequent to this date may also be obtained from the TMChaving no direct effect on the test performance, results, or

A1.9 TMC Memoranda-In addition to the aforementioned Precision and bias.
Information Letters, supplementary memoranda are issued.
These are developed by the TMC and distributed to the A1.10 Precision Data—The TMC determines the current
Sequence VIA Surveillance Panel and to participating laboraSequence VIA test precision by analyzing results of calibration
tories. They convey such information as batch approvals fotests conducted on reference oils. Current precision data can be
test parts or materials, and clarification of the test procedurabtained from the TMC.

A2. DETAILED SPECIFICATIONS AND DRAWINGS OF APPARATUS

A2.1 Figs. A2.1-A2.29 present the detailed specifications  and drawings of apparatus.
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SYMBOLS AND ABBREVIATIONS

c COMMON ) MANUAL VALVE (SHUT-C7F
CHW  CHILLED WATER (ST OR 40F BRINE TEMP
' §\/ COND CONDENSATE | 1O MANUAL VALYE (BALASC NG
CP1  CONTROL PANEL FOR HVAC & DESICANT
DRYER UNTTS (BY MANUF.) CHECK VALVE
105 / CP2  CONTROL PANEL FOR TEMPERATURE AND
HUMDITY SETPOINTS i SOLENOID VALVE
— CP3  CONTROL PANEL FOR CHILER UNIT
L, i
CONTROL VALVE
AND LEVEL GAUGE — CTCV  CAPILLARY TEMPERATURE CONTROL VALVE i -
NORMALLY CLOSED PRESSURE CW  CITY WATER SELF CONTAINED PRESSUR:
m CAP SET AT 3 — 10 PSIG TS ALow CoNTROL saLeNoD T RecusNG W
SG-2 e RO BMeNT , W
Al FLOW INDICATOR (MANUAL
SwiTe SELF CONTAINED TEMPERA™.RC
ans &B’:} swm:: CONTROL VALVE WITH
HE  HUMGDITY ELEMENT CAPILLARY TUBE
HX  HEAT EXCHANGER
SIGHT_GLASS hs hig%R SWITCH % 3 WAY SOLENOID VALVE
NG NORMALLY CLOSED
SG—1 5e %ﬁ:“” OPEN % 3 WAY CONTROL VALVE
PCD  PRESSURE CONTROL DAMPER
PCY  PRESSURE CONTROL VALVE
PE  PRESSURE ELEMENT }7{ STRAINER
P PRESSURE INDICATOR (MANUAL)
PRG  PRESSURE RECULATING VALVE ~
°§{Qﬁ£ S VLA PS  PRESSURE SWITCH FLOW OF YR
METER huae ol my gm SOLENOID INFORMATIO DEVICE
o TCV  TDMPERATURE CONTROL VALVE
o o TE  TOMPERATURE ELEMENT NCEY
Zz| |Z8 n TEMPERATURE INDICATOR (MANUAL) L s
s TEMPERATURE SWITCH
Bl (B s
V gﬁ o8 FUNCTION
5l |8
g5 |gB A
x
m oM _8 | ()—
Yoo |
4
104
PUMP, P-1 FLEXIBLE
HX—1 NN CONNECTOR (Typ)
Lo JJ 5@: T | ¢ B WW—it
% PROVIDE SPACE FOR
1 POSSIBLE CALIBRATION
t foP-1 “ov FLOW METER o
100 00/ | ORIFICE PLATE WITH 103 103
\\/ g PRESSURE DROP EQUAL 2/ /
| TO HX=1  ENGINE COOLANT SYSTEM 1
st} W it O
TCV /O
104 \ 104/ CM PE
N\tos/

FIG. A2.1 Engine Cooling System
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RESERVOIR
1172
—
-
Lt
m
o
S
=]
o
&
S
FE-103
3 WAY
VALVE

TCV-104 —— ||

11/2 701 1/4 BELL

~— FROM ENGINE
SIGHT GLASS (SG-D1)

—T0 ENGINE
1 1er

FLOW MODULATION VALVE
FCV-103

HEAT EXCHANGER (HX-1)

L

2* 70 1" BELL

UNION

MOTOR

FIG. A2.2 Typical Engine Coolant System in Air-to-Close Configuration
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RESERVOIR

V172 in,
1172 in: ’l—-@ = FROM ENGINE

. SIGHT GLASS (SG-1)
g ~ ~ TO ENGINE
11/2 in.
<
~
g
o FLOW MODULATION VALVE
FCV—103
o
£
- -
~ |
hE =
b z
&5
FE—-103 &
=z
<
5
& |z
z
< | &
ot
X
<
2 70 1 in. BELL
~
N
- UNION
UNION
MOTOR

11/2 TO 11/4 in. BELL
FIG. A2.3 Alternative Engine System Configuration
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000 000 /
SPACE
N Shene 17 ®| ALLOCATED |®
ALLOCAYED
11/2" Cs FOR SIGNAL CIOIII;IN%OE%')Q(
v WIRING BOX [P Ad &3

1/2" INSTRUMENT
COMPRESSED AR
2" PROCESS COOLING
]@:@ WATER SUPPLY
2" PROCESS COOLING
WATER RETURN

11/2" ¢S
BYPASS

17 CHILLED

TN e O WATER RETURN

Tev-101 - A

2" CS

O 1" CHILLED
WATER SUPPLY

oT
O WATER RETURN

2" ¢S

17 HOT
(O WATER suppLY

S-1

Qao-

&
= — -

FRONT VIEW

O /} 2 5 1.1/2" COOLANT 1 1/2" COOLANT

Ll ! L] [ l | | I I SUPPLY TO ENGINE  RETURN FRCM ENGINE

SCALE IN FT

Note 1—Air vents shown are optional and at the discretion of the owner. If air vents are not used, provide an extra set of disconnects for use in opening
the internal shut-off valve of the quick disconnect (when draining the system).
FIG. A2.4 Engine Cooling System
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G O

FRONT VIEW

(EEC PLATE LOCATED IN FRONT OF
ENGINE COOLANT PLATE)

o -

FIG. A2.5 Engine Cooling System - Front View
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\__ O SRS
\ 000 SO0
\ N—ﬁ At
rTr
L5105, w vz es )
Ao || o il -
RIS 10 WG
W18 FOR DET,
s6-2 Y
2" PROCESS COOLING
WATER SUPPLY O VT —_—— g
&
(@)= OO -
2 PROCESS GOGJNGO 561 — N~
WATER RETURN — X
0PT-1 ‘ el
Wi O !
FE~103 '
WiFtR O =
i B O e i OO
|
ICA
1° HOT 8
waTER SRy (O 1177 o C ET-1 g
' 1" cs
g_ h o
- i
Pt
lui(" _L
] :*:_ L
ov-1
ST o

o O
bl SR T IR BACK VIEW

Note 1—Air vents shown are optional and at the discretion of the owner. If air vents are not used, provide an extra set of disconnects for use in opening
the internal shut-off valve of the quick disconnect (when draining the system).
FIG. A2.6 Engine Cooling System - Back View
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CONTROL VALVES
FLUID CONDITIONS VALVE BODY ACTUATOR
MINMAX DESIGN MANUFACTURER
INLET REMARKS CLASS
EQuIp FLUID FLUID PRESS ' i SIGNAL AND MODEL NUMBER
TYPE POSITION
TAG# TPE GPM s P(I:?)S omos | SIZE TYPE cv oo
(3] (Psly
FROCESS | O-11 ZWAY B) PNEUMATIC, SPRING AIR TO 31015 | PADGER METER INC MODELA | OR USE AIR TO OPEN MODELA :
TCV-101 WATER 5090 150 ! GLOBE | (LINEAR) | OPPOSED DIAPHRAGM CLOSE 9001GCWIESVIARRAI6 9001GCWI6SV 1AX036
ENGINE TWAY 2o PNEUMATIC, SPRING NRTO | " 7| BADGER METER INC MODEL# )
FCV-103 COOLANT 3 100220 Bm ? GLOBE | (LINEAR) | OPPOSED DIAPHRAGM CLOSE 9003GCWIES\IALILIE
ENGINE i TWAY 160 PREUMATIC, SPRING ARTO | o[ BADGER METER INC MODEL# OR TO USE AIR TO CLOSE .
Tev-od cooLant | *** 100230 1 B MAX) : GLOBE | (LINEAR) | OPPOSED DLAPHRAGM OPEN 003 TCWIESV 1A29L36 MODEL 5003TCW365V3A29L36
DIFFERENTIAL PRESSURE TRANSDUCER
FLUID CONDITIONS TRANSDUCER
SERVING
EQUIP FLOW DIFF
Mmaax | ver | oureur MANUFACTURER AND
AG# METER K
T FLUIDTYPE | Gem | FRESS FLUID prESS | SIGNAL MATERIAL MODEL NUMBER REMARKS Class
NUMBER range b oo e | ey ' 0o)
Wwo)
G
pPTt FE-10D CZ’:)::T 35 0-0 100220 s o5 ST’S‘;ZEESS VIATRAN MODEL #274 PROVIDE MOUNTING BRACKET 2
DRAIN / SHUT-OFF / CHECK VALVES
FLUID CONDITIONS VAL VE BODY
5 MIN/MAX
£QuUIP MAX PRESS - MANUFACTURER AND
FLUID TYPE FLUID TEMP SIZE MATERIAL TYPE Cv
TAG # " s MOBEL NUMBER REMARKS | cLass
END CONNECTIONS 10
Dv-1 ENGIME CCOLANT 1007220 15 e HRASS 2WAY_ BALL NIBCORSOES:,EDSJA:S:BR-V-GE_ BE FEMALE NPT q
LE
THREADED
£ND CONNECTIONS To
PROCESS, CHILLED, NIBCO SERIES T-560-BR-Y-65,
DV-2 phet et 441190 1 vr BRASS 2WAY, BALL RO HAo BE FEMALE NPT 4
THREADED
FLEXIBLE HOSE MATERIALS
FLUID CONDITIONS FLEXABLE HOSE
MIN/MAX MIN BEND
EQUIP MAX SYSTEM HOSE END MANUFACTURER AND
FLUID TYPE FLUID TEMP SIZE RADIUS
TAG # i PRESS (PSI) oy CONNECTIONS MODEL NUMBER REMARKS CLass
FH-1 ENGINE COOLANT 1007220 257 AR T2 750 MAlfBT)‘;LTE’:‘RDESA)DED AERCQUIP FC563-24 2
PROCESS, CHILLED, . MALE NPT THREADED
FH-2 HOT WATER 447150 45 1 500 (BOTH ENDS) AERQQUIP FC563-16 4
ELECTROPNEUMATIC TRANSDUCERS
TRANSDUCER
gauir | suppLy air  |ineut sionat] ACTUATOR [ outpur ar | AR Fiow| MANUFACTURER
TAG # | PRESSURE (PSt) (mA DC) FLow PRESSURE RATE ANMD MODEL REMARKS CLASS
REQUIRED {PSY} (SCFM) NUMBER
' TRANSDUCER T0 BE MOUNTED
Y. - g BEi OFRAMS
ET1 20- 120 47020 37015 4SAT25PSI ‘”P 7RANS:J:IT:EE:IWQ TO "PLATE" WITH BACKING FOR 3
VIBRATION ISCLATION
FLOW METERS/ORIFICE PLATES
PROCESS FLUID
5521: TYPE MINAMAX MINMAX |y eay | NLET DESIGN MANUFACTURER AND
FLUID TYPE o FLOW PRESS REMARKS CLASS
FLOW (GP! MODEL NUMBER
@m0 | | TP | RS DROP (PS1)
ORIFICE PLATE ENOmE DANIEL SERIES NO. 30 RT e
FE903 | IFFERENTIAL | EROIE 3838 10020 | 1s@ | 4sINWC | THREADED ORIFICE FLANGE, 11:2140.50 KcPa (42,0420 IN ,0) AT 130 LMY 2
PRESSURE) 1.5* NPT AND ORIFICE PLATE (043 GPM)
ENGINE ’
o ORIFICE PLATE COOLANT 035 100220 e | $AT30GPM DANIEL ORIFICE PLATE TO PROVIDE PRESSURE DROP 3
. EQUAL TO HX-1 ON ENGINE COOLANT BYPASS

FIG. A2.8 Engine Cooling System Components

34




A8 D 6202 — 02
“afl

HEAT EXCIHANGERS

PROCESS FLUID COOLING/HEATING FLUID
EQUIP INLET MAX INLET Max
TAG # TYPE FLUID CAPACITY GPM TEMP QUTLET PRESS FL"JID GPM TEMP OUTLET PRESS MANHFACTURER AND REMARKS CLASS
TYPE (BTUH) TEMP (F) TYPE TEMP (F} DROP MODEL NUMBER
® DROP (PSI) ® @
BRAZED ENGINE PROCESS ITT BELL & GOSSETT BP 75H- TS5 X 2457 X 307
HX-1 PLATE COOLANT 60,000 i 103 983 ? WATER n %0 100 ! 20, P'N 4-686-06-020-001 2"NPT CONNECTIONS 1
LEVEL SWITCIIES
FLUID LEVEL SWITCH
EQuiP FLUID MIN/MAX MANUFACTURER AND
TAG# REMARKS CLASS
Al TYPE TEMP () POSTTION BEING SENSED CONTACT POSITION SIGNAL MATERIAL MODEL NUMBER
ENGINE p HIGH AND LOW LEVEL NORMALLY OPEN, . STAINLESS THIS LEVEL SWITCH
L§-103 COOLANT 1007220 (COOLANT RESERVOIR) CLOSED AT LOW LEVEL 12V DC STEEL GEMS SERIES 1950 1S OPTIONAL 4
MISCELLANEOUS EQUIPMENT
EQuiP MANUFACTURER AND MODEL
ESCRIPTION SIZE MATERIAL REM
TAG # D NUMBER EMARKS CLASS
1402 NPT
SG-1 SIGHTGLASS | THREADED | BRONZE ERNST GAGFEU“\”P?EEL 472, WiTh 3
CONNECTIONS
12°NPTPIPE, | STAINLESS | ERNST GAGE MODEL 8 55-F8, NON-
5G-2 SIGHTGAGE | 54 iassoD. |  STEEL AUTOMATIC 3
AS MANUFACTURED BY ARMSTRONG
AV-1 | AUTOMATIC VENT OR ITT BELL & GOSSETT 4
ENGINE COOLANT
PC-1 RESERVOIR STANT MODEL R 28 er;?ébL;RcELsosii% g§E7NPASIT 2
PRESSURE CAP
SWIVEL JOINT :
S0 | encing cooLanT) 1112 BRASS | AEROQUIP MODEL BDS5000.2424-01 4
SWIVEL JOINT
- " BRASS AEROQUIP MO 55000- -
S92 | (ot e0 WATER) 1 QUIP MODEL BDS5000-1616.01 4
PIPING / TUBING MATERIALS
FLUID CONDITIONS PIPING / TUBING
MAX
MIN/MAX SYSTEM
FLUID TYPE FLUID PRESS SIZES MATERIAL CONNECTIONS FITTINGS REMARKS | CLASS
TEMP (F
Q) (PSI)
TYPE L SEAMLESS s
PROCESS WATER | 50/90 45 112°, 314 1,1 1/4 AND 2* | COPPER TUBING, HARD | BRAZED, NPT THREADED | SOCKETJOINT,
THREADED
DRAWN
TYPE L SEAMLESS
HOT WATER 1907190 35 1/2°, 3/4" AND 1" COPPER TUBING, HARD | BRAZED, NPT THREADED SOCKET JOINT,
THREADED
DRAWN
TYPE L SEAMLESS
CHILLEDWATER | 44744 3 172", 314", 1" AND 11/4" | COPPER TUBING, HARD | BRAZED, NPT THREADED | SQCKE! JOINT,
THREADED
DRAWN
TYPE L SEAMLESS
ENGINE COOLANT | 100/220 25 34", 1%, 114" ANDZ" | COPPER TUBING, HARD | BRAZED, NPT THREADED | SCOCKET JOINT,
THREADED
DRAWN
ENGINE COOLANT "
i 1007220 2 38 PLASTIC
TRANSDUCER TYPE L SEAMLESS .
TUBING (ENGINE | 1007220 25 114 COPPER TUBING, HARD COM‘T’I 'fg:fg;% NPT COM?SE:?[‘%% NPT
COOLANT) DRAWN B
FIG. A2.8 Engine Cooling System Components  (continued)
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PIPING INSULATION
FLUID CONDITIONS INSULATION
MINMAX
FLUID SYSTEM THICKNESS MANUFACTURER AND MODEL
A
TYPE FLUID PRESS SIZES Ny NUMBER REMARKS CLASS
TEMP (F) "
(Psly
V2, 34T,
PROCESS 50130 45 1711 NONE 4
WATER AND 27
MANVILLE MICRO L OK SERIES RIGID,
HOT 172 318" . MOLDED FIBERGLASS INSULATION. 3 172
WATER 1907190 3 AND 1" ' 1.BS PER CUBIC FQOT DENSITY, VAPOR 4
BARRIER AND SELF SEALING LAP 5t AM
MANVILLE MICRO-LOK SERIES RIGID,
CHILLED W2 34 . MOLDED FIBERGLASS INSULATION 3 172
WATLR aai4q B0 AND " 2 1BS PER CUBIC FOOT DENSITY, VAFOR 4
BARRIER AND SELF SEALING LAP SEAM
Ry MANVILLE MICRO-LOX SERIES RIGID,
ENGINE o . MOL DED FIBERGI ASS INSULATION, 3 W2
COODLANT 100/220 = o _AND ! (B3 PER CURIC FOOT DENSITY, VAPOR 4
? BARRIER AND SELF SEALING LAP SEAM
PUMPS
FLUID HANDLED PUMP CAPACITY MOTOR
MIN / MAX TOTAL PLMP MANUFCTURER
EQUIP FLUID MIN TEMP} MAX TOTAL PUMP HEAD AT RATED PRESSURE AT| MAX VOLTS
TYPE VISCOSITY GPM f
TAG # TYPE oo ®  |TeEmMP F) FLOW (FT. WATER) Ratep FLow| shp | MINHPL RPM T opace | AND MODEL REMARKS  } CLASS
(ssy) P NUMBER
S0
STAINLESS STEEL
CENTR)- ENGINE GOULDS G & L MODEL CONSTRUCTION,
P FUGAL | COOLANT 100 220 35 a0 15t 2 3450 23‘?’:{;;’5 NPE, SIZE 18T, MECH PROVIDE VIBRATION 1
SEAL 1SOLATION FOR PLATE
MOUNTING
QUICK DISCONNECTS
FLUID CONDITIONS QUICK DISCONNECT
MAX
EQUIP MIN/MAX SYSTEM MANUFACTURER
TAG # FLUID TYPE| FLUID PRESS SIZE TYPE | MATERIAL AND MODEL REMARKS | CLASS
TEMP (F) NUMBER
(PSl)
ENGINE TWO WAY
QD-1 100/220 25 12 ¥
COOLANT suuTOFF|  BRASS HANSEN SERIES 12-HK 2
CHILLED TWO WAY
B 44144 -
QD-2 WATER 35 1 SHUT.OFF BRASS HANSEN SERIES 8-HK 4
INSTRUMENT TWO WAY
QD-4 50190 100 1" .
AR 2 sHuTorF | BRASS HANSEN SERIES 4.HK 4
FIG. A2.8 Engine Cooling System Components  (continued)
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FIG. A2.11 External Oil System
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SYMBOLS AND ABBREVIATIONS

COMMON

CHILLED WATER (5F OR 40°F BRINE TEMP)

CONDENSATE
CONTROL PANEL FOR HVAC & DESICANT
DRYER UNITS (BY MANUF.)

CONTROL PANEL FOR TEMPERATURE AND
HUMIDITY SETPOINTS

CONTROL PANEL FOR CHILLER UNIT

(BY MANUF.)

CAPILLARY TEMPERATURE CONTROL VALVE
CMY WATER

FLOW CONTROL SOLENGCID
FLOW CONTROL VALVE

FLOW ELEMENT

FLOW INDICATOR (MANUAL)
FLOAT SWITCH

FLOW SWITCH

HUMIDITY ELEMENT

HEAT EXCHANGER

LEVEL SWITCH

MOTOR

NORMALLY CLOSED

NORMALLY OPEN

PUMP

PRESSURE CONTROL DAMPER
PRESSURE CONTROL VALVE
PRESSURE ELEMENT

PRESSURE INDICATOR (MANUAL)
PRESSURE REGULATING VALVE
PRESSURE. SWITCH

SOLENOID

STEAM

TEMPERATURE CONTROL VALVE
TEMPERATURE ELEMENT
TEMPERATURE INDICATOR (MANUAL)
TEMPERATURE SWITCH

MANUAL VALVE (SHUT-OFF)

{O1 MANUAL VALVE (BALANCING)

™4 CHECK VALVE

E
5] SOLENOID VALVE
(|

CONTROL VALVE

SELF CONTAINED PRESSURE
@] REGULATING VALVE

ﬁ SELF CONTAINED TEMPERATURE
CONTROL VALVE WITH

CAPILLARY TUBE

{v]

3 WAY SOLENOID VALVE

\V

X

3 WAY CONTROL VALVE

AL %D

STRAINER
EQUIPMENT
FLOW OF RI
rNrORM;mON7 R EEVEAS,CUE NG

CONTROL,
COMPUTER
FUNCTION
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c~__ P9y g P9
oool 000 7 )
/
- o 1 Wm’f ‘:z .Cmm‘qu:ﬁ:
A Y 2" PROCESS COOLNG Z° PROCESS COOUNG
T § WATER RETURN WATER RETURN
PROCESS COOLNG 7 PROCESS COOUNG
WATER SUPPLY WATER SUPPLY
veromt e s 1
AT
28 O w2 wiot e O
vz os [l | carmmoee ”
BE SUPPOR
W PLATE
MOUNTED
. Py o .
0 [eXe) H OF CARTRIOG] O witSmr wins sy O
Hx-9 'A“‘; ’l‘!of}'\m 'AT&’&;‘”‘
W e os
(SRS 1° Hot 1 MoT
Lo WATER SUPPLY waer seny O
/o w
1/7 o
1A —
-3 -8
Y AN |
e ow
“ -8 ” oo-8 3/4° 0L D
= D 1, — . =70
/o
BACK VIEW FRONT VIEW
s, yne VZ, L eI/ oL RN
P REERVOR
RESERYOIR

FIG. A2.12 External Oil System (Back and Front Views)
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FIG. A2.13 External Oil System (Front View)
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FOLD FROM ABOUT 1.27 [.05] T0 1.52 [.C6] STANLESS
STEEL & WELD ALL JCINTS SO CONTAINER HOLDS LIQUID

TOP GETS A HINGED TRANSFARENT
PLASTIC COVER 70 CONTAN FUMES

r——wu\.s [4]j‘ i 254 [10] / ‘
APPROX.
FULL OIL LEVEL
5.68 LITERS (6 QTS)
2 L \
2
5
. R z - RN Y S—
5
2
51
T 3048 (12]
342.9 [13.5] s [14] [
| 203.2 (8]
| CLOSE ExD
| D
gy ] [ -
- i
AIM_HOLES i
THIS WAY
i (6) 9/37_HOLES
4 EQUALLY SPACED
ALONG "OtL—IN"
BIPE
(GIVES 9.4 50. MM [.37 5Q. IN.
(_/vmv SHORT b OPEN AREA: 1/2° PIBE HAS 15%
NIPPLE |

S0 MM [30 5C. IN.] OPEN)

Note 1—Dimensions are in millimeters and (inches).

Note 2—OQil-in black ¥z pipe, oil drain shorf2 nipple.

Note 3—Stand pipe to hold float switch #& pipe; use a short nipple of selected length between float switck.armlipling to get exact level needed
to trip switch at 5.68 litres (6 qts).

Note 4—Tank is later mounted by tack welding an angle iron leg along one of the vertical corners and welding a square plate at the bottom of the
leg, which can be bolted to the floor or other horizontal surface.

Note 5—The floor of the tank tips in two planes to give one low corner to drain the oil.

FIG. A2.14 Typical oil Dump Tank

TLTT

"L

IOTT

[_
[00'2IWW08'0G l—————{

S A
GF

A=l DUT TO HEAT/CI
3- Hil NJINC'S OIL PUMP
CATION CIRCUIT
THREADED POST

T

Swi
% OJISIDE ALJLSTMENT OF HEIGHT

£-0IL INTZ PAN FROM HEAT/COOL CIRCUIT

DIMINSIONS ARE IN MIL_IMETERS AND TINCHESZ

FIG. A2.15 Sequence VIA Pan Maodifications
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WINDOW LOCATION 174.63MM[6.88] ——————=]
RIGHT SIDE e 133,35MM[S.25 ) ———e=
\ e 65.5GHM(2.70) e o fe-79.37MML3.123
p 4 } ~ & n $15.88MML.63) HOLE
"('P— —Q* £ [e3somasie]
W -+
ATTIN
o @* - : * = BAFFLE POSITION
] = ]
; o] = - -4 ’ I FACTORY DRAIN PLUG IS
] [W] D - TO BE DRILLED THRU WITH
% H §§ BAFFLE—"] R 8 1/8° DIA DRILL. /2 OF
I I N 8 S g ? 1/8* P]PEEDCDTUPLING 1S
= o o W5 HEN WELD D THE TOP
© —t e s £ I <& 82.55MML3.25] OF THE PLUG.
#15.87MML.62) S aES
| HOLE =3 1/2 OF A 1/2" STAINLESS 172 PIPE COUPLING
! [ ¢ 8 5% PIPE |COUPLING CUT IN HALF
X . et i
' B -~ [ ‘ Yy * - -
+ + -8 H
74 R i ] M LerT
I ad
72 WINDOW
R\ 4 ) | LOCATION
JON (OPTIONALD
1
) | oaeeamasl»-@i ’ l\
BL—..__-IB ! HULE‘ H E \ I
= \\ 3/4-10 NUT
: ||~
{§ Ea v =
O
o [
54.93MM2.16] ~=] =
U U |
T
1

174 1/2* PIPE COUPLING
SECT. B-B CUT IN HALF

& \ >

NOTE: DIMENSIONS ARE IN MILLIMETERS AND [INCHES]

TLITTT

3/4° BULKHEAD FITTING

SECT. A-A

N

\v Y L
NS G- :

-~

FIG. A2.15 Sequence VIA Pan Modifications  (continued)
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et 91.45MM [3.60]

!

—————————— 75 83MM [2.99] —————————

| —————— 58.39MM{2.30] ——— ]

| ——  44.90MM [1.77]
| 41.71MM [1.64] ——=
31.59MM [1.24] —— 3= —
22.01MM [.87] — =i 1
—— + < -
|- R33.21MM [1.31]
T T R31.59MM [1.24] ——
: :
= 5 5.24MM[.21]
8 2 r l \
g ¢ i |+
? A 1 ]
‘ R41.23MM {1.62] — = '
| — _
16.65MM [.66] — J A \ * *
2.08MM{.08) 7.02MM{.28) R50.95MM[2.01] _J 6.05MM (.24] ;‘;’ = _
D Q R
N R
2 3 3
r 1.52MM [.06] - S
— o o= } T/
BEND TO FIT

BAFFLE FLAT PATTERN LAYOUT

FIG. A2.17 Sequence VIA Oil Pan Baffle
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‘\ 174.75 [B.88)

133.35 [5.25)

f———— 6858 [2.70] ————

|

122.17
[481]

~-@
LEFT REAR BOLT
HOLE IN PAN RAIL

VIEW IS LOCKING DOWN INTO
MLUMETERS [:NCHES] PAN PERPENDICULAR TO PAN
RAILS. SCALE iS FULL SIZE

FIG. A2.18 Template For Oil Pan Connections
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CONTROL VALVES
FLUID CONDITIONS VALVE BODY ACTUATOR
DESIGN
MIN/MAX| INLET
EQUIP FLUID PRESS MANUFACTURER AND
REMARKS|C
TAG # TYPE GPM FLUID PRESS DROP SIZE TYPE cv TYPE POSITION SIGNAL (PSl) MODEL NUMBER LASYH
TEMP (F)] (PSI)
(PSI)
IWAY PNEUMATIC,
ENGINE 25 SPRING BADGER METER INC MODELH
TCv-144 oiL 0-3 1007260 b v g&‘;‘;ﬁ (LINEAR) | OPPOSED AIRTO OPEN 371015 1002TBNISSVOSALN3G 1
¢ ) DIAPHRAGM
PNEUMATIC,
CHILLED 2.WAY 20 SPRING BADGER METER INC MODELH
TCV-145 | water 0-7 aarae e ko GLOBE (LNEAR) | OPPOSED AR TO CLOSE 31015 1002GCN36SVCSELN36 4
DIAPHRAGM
DRAIN / SHUT-OFF / CHECK VALVES
FLUID CONDITIONS VALVE BODY
EQUIP FLUID MIN/MAX MAX MANUFACTURER
TAG # TYPE FLUID PRESS SIZE |MATERIAL} TYPE cv AND MODEL REMARKS CLASS
TEMP (F)} (PS1) NUMBER
END
cK2 |encineon| 1007260 %0 - STAINLESS | BALL CONE APOLLO 62-100 | CONNECTIONS M
STEEL CHECK SERIES MODEL 62-103| TO BE FEMALE
NPT THREADED
ELECTRIC HEATING ELEMENT
HEATING ELEMENT
EQUIP MANUFCTURER
TAG # TYPE WATTS | VOLTS | PHASE | CYCLE AND MODEL REMARKS CLASS
NUMBER
-1 3§:X§°;A2t§h);ENh4’T;7 HEATING ELEMENT INSERTED {N LIQUID
IMMERSION WATTsISQ N INCALOV CERROBASE INSIDE LABECO OIL HEATER
EH-5 HEATER - 3000 240 3 60 SHEATH LA‘BECO oL USED ON SEQ VI; OIL HEATER ASSEMBLY TO 2
SCREW PLUG HEATER VPROVIDED BY HAVE ENOUGH CAPACITY TO MAINTAIN
CUSTOMER. ENGINE OIL TEMP AT 260 DEG F.
FLEXIBLE HOSE MATERIALS
FLUID CONDITIONS FLEXABLE HOSE
MIN/MAX MAX MIN
EQUIP FLUID FLUID SYSTEM SIZE BEND HOSE END MANUFACTURER AND MODEL REMARKS] clLass
TAG # TYPE PRESS RADIUS |} CONNECTIONS NUMBER
TEMP (F)
(PSI) (IN)
MALE NPT THREADED
FH- ENGINE OIL 100/260 100 34 9.00 0QUI - 3
H-8 (BOTHENDS) AEROQUIP 2807-16
MALE NPT THREADED
- ENGINE Ol 100/ 260 100 (7 5. E .
FH-9 L 73 25 (BOTH ENDS) AEROQUIP 2807-8 OR 2807-10 1
HEAT EXCHANGERS
PROCESS FLUID COOLINGHEATING FLUID
MAX MAX
EQUP TYPE Fum | capacrry INLET | ooner | press FLUID INLET | o rier | press | MANUFACTURER AND MODEL REMARKS CLASS
Taau TVPE (BTUH) aPM | TEMP | rempy | DRoP TYPE aru “(:)" TEMP(F) | DROP
® (s ®sn
ITT BELL & GOSSETT BF-25-20 43X 12257 X1, 17 NPT
oo CONNECTIONS; VOLUME OF HEAT
HX-§ B:‘:\ZTEED EN;I:E 8,700 45 116 106 12 F‘::(;;JIS s kel L {B] 1 ORIIT im:l:xlﬂ PART EXCHANGER 5 APPROX. 0.5 ]
QUARTS
30" X 8.0° X 2.0°, V4" NPT
HX-6 “n":‘ZTEED P';‘:;Es 199m s % b j C‘:f"\‘_‘r":: s W 52 < ITT BELL & GOSSETT BP-12-20 CONNECTIONS 3
LEVEL SWITCHES
FLUID LEVEL SWITCH
EQUIP MANUFACTURER RS
ria * FLUID [ MINAMAX POSITION BEIKG CONTACT POSITION SIGNAL | MATERIAL AND MODEL REMARIKS CLass
TVPE TEMP () SENSED NUMBER
KIGH LEVEL
NORMALLY OPEN, . STAINLESS GEMS SERIES 19%0
FLs-136 EN;I:E 100260 lFSEi:l\)"(J):I;PNLL) CLOSED AT HiaH LEVEL | 12V D€ STEAL MODEL 79999 ¢
y 1L NORMALLY OPEN, . STAINLESS GEMS SERIES 1930 THIS LEVEL SWITCH NO PART OF
s EN;IILNE 1007260 MG:A;E;JEEL()O closep AT HioH Leve | V€ STEAL MODEL 79999 MODULE (LOCATED IN DIL PAN) !

FIG. A2.19 External Oil System Components
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MISCELLANEOUS EQUIPMENT
gqQuip MANUFACTURER AND
DESCRIPTION SIZE MATERIAL REMARKS | CLASS
TAG # MODEL NUMBER
/8" NPT
FiL-2 OfL FILTER THREADED OBER%I“:;gE‘LF'ifEfEB' 28} 5 REQUIRED 1
CONNECTIONS
PIPING / TUBING MATERIALS
FLUID CONDITIONS PIPING / TUBING
MAX
FLUID MIN/MAX SYSTEM
FLUID SIZES MATERIAL | CONNECTIONS FITTINGS REMARKS CLASS
TYPE TEMP (F) PRESS
(PS))
USED FOR SUCTION AND
6L WELDED. NPT DISCHARGE PIPING FOR RECIRC
ENGINE OIL| 1007260 100 12 STAINLESS REALED WELDED. NPT THREADED PUMP P-4; DUE TO VOLUME 2
STEEL TUBING CONSTRAINTS WALL THICKNESS
MUST BE 0,035 IN
12 AND CiLi:BC:N USED FOR SUCTION AND
ENGINE OIL| 1007260 100 ) NPT THREADED NPT THREADED DISCHARGE PIPING FOR 2
4 STEEL, SCAVENGE PUMP P-3
SCHEDULE 40
PIPING INSULATION
FLUID CONDITIONS INSULATION
MAX
Fuip |MINVMAX) oy sTEM MANUFACTURER AND
FLUID SIZES THICKNESS (I CLASS
TYPE [1ewp | PRESS ESS NIl MODEL NUMBER REMARKS LA
(PSh)
MANVILLE MICRO-LOK SERIES
’T@B&f’g;ﬁg f}?fgg:’;f MAX. THERMAL COND. 0.276 BTU
- ”» - " . - 1. .
ENGINE OIL| 1001260 100 172" AND 3/4 1 CUBIC FOOT DENSITY, VAPOR | NHR-FT?s'F ATMEAN TEMP OF| 2
BARRIER AND SELF SEALING 0°F
LAP SEAM
QUICK DISCONNECTS
FLUID CONDITIONS QUICK DISCONNECT
MAX
MINMAX MANUFACTURER
EOUI: TG F#;'g FLUID SJ:gsE;“ SIZE TYPE | MATERIAL | ANDMODEL |REMARKS| CLASS
TEMP (F) NUMBER
)
- TWO WAY 318 STAINLESS| HANSEN SERIES 6-HK-
QD-8 ENGINE Olt| 1007260 100 kS SHUT-OFF STEEL 4 2
TWO WAY 316 STAINLESS| HANSEN SERIES 4.HK.
Qp-9 ENGINE OiL| 1007260 100 w SHUT-OFF STEEL 143 2
PUMPS
FLUID HANDLED PUMP CAPACITY MOTOR
TOTAL
TOTAL PUMP
gup [ o | Fo v"f;NcQgﬁ,xy T';L;‘p MAX om | HEADAT pR::':SRE WAX BHP wom | VOLTS. | MANUFCTURER AND ASS
TAG # TYPE emp )| RATED FLOW] MIN. HP PHASE | MODEL NUMBER REMARKS ¢
(S5U) ® 1 WATER| AT RATED
: FLOW (PSH
HIGH TEMPERATURE
VIKING SERIES 475 CLOSE CONSTRUCTION,
p.3 ceAR  [ENciNeow| saTo7s0 100 w0 | ;;J %0 2 0% o7s| 1150 ZJ‘;’&;’: COUPLED PUMP MODEL | PROVIDE VIBRATION 1
HATSM {SOLATION FOR PLATE
MOUNTING
HIGH TEMPERATURE
VIKING SERIES 4123, BASE
- CONSTRUCTION, PUMP
P-4 GEAR ENGINE OIL 80 TO 750 100 260 s ASTSZJM 175 120 075 1150 2;2:&50: W%N::;é?;rpﬁx NOT PART OF MODULE 1
MOTOR, MODELG412% (LOCATE NEAR OIL
(OPTIDNALY DRAIN PAN)
FIG. A2.19 External Oil System Components  (continued)
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SOLENOID VALVES
FLUID CONDITIONS VALVE BODY SOLENOID
DESIGN
MIN/MAX| INLET
VOLTS
EQUIP TAG( FLUID | oo | riuip | press | TRESS | size | Tvpe | cv | encrosure | posimion| VOLTS: | MANUFACTURER AND REMARKS  |CLASS|
# TYPE DROP HZ MODEL NUMBER
TEMP (F)|  (PSI)
(PSl)
EXPLOSION
FCV-146 P&x?ézs 6 50/90 20 10 é;’\s‘; PROOF AND Ngfgs‘\ééy 120,60 | ASCO RED HAT If MODEL 821062 4
WATERTIGHT
BURKERT TYPE 251 PISTON
OPERATED VALVE WITH TYPE 312
2WAY, EXPLOSION SOLENOID VALVE FOR MATERIALS OF
:((::\\/I_‘SJA E%GIiNE 1004260 | 150 MAX 34 |STAINLESS PROOF AND Ngfgs"égy 120,60 | ACTUATION OF AIR SUPPLY TO | CONSTRUCTIONMUST | 1
- STEEL WATERTIGHT PISTON VALVE, SOLENOID VALVE | BE STAINLESS STEEL
DIRECT COUPLED TO PISTON
VALVE
2 WAY. EXPLOSION MATERIALS OF
FCV-150C E'LCI;L'NE 1004260 | 150 MAX 12" | STAINLESS PROOF AND Nogg:’: Ly 120, 60 SAMESRS;EK?;P%‘CEPT CONSTRUCTION MUST 1
STEEL WATERTIGHT BE STAINLESS STEEL
BURKERT TYPE 251 PISTON
OPERATED VALVE WITH TYPE 312
MATERIALS OF
FCV-150D, 2WAY, EXPLOSION SOLENQID VALVE FOR
Fov-150E, | EYoNE 1007260 | 150 MAX 1 |stamvEss prOOF AND | NORMALLY | 120 65 | acTUATION OF AIR SUPPLY TO ‘;%N:TTS;‘JLC;;ZN;EU:J 1
FCV-150F STEEL WATERTIGHT PISTON VALVE. SOLENOID VALVE | BE STAINESS STERL
DIRECT COUPLED TO PISTON
VALVE
THERMOCOUPLES
FLUID / SURFACE CONDITIONS THERMOCOUPLE
MIN/MAX MAX
EQUIP FLUID/ FLUID / SYSTEM TEMP MANUFACTURER AND
SURFACE TYPE RANGE | OUTPUT REMARKS CLASS
TAG # TYPE SURFACE PRESS (F) MODEL NUMBER
TEMP(F)]  (PSI)
SYSTEM INTEGRATOR TO
SPECIFY AND PROVIDE
PROCESS .. THERMOCOUPLE;
TE-145 WATER 50790 45 J 32TO 900 mv TEMPREL PROVISIONS FOR 1/4* 4
FEMALE NPT OUTLET BY
BUILDER OF MODULE
SYSTEM INTEGRATOR TO
SPECIFY AND PROVIDE
.. THERMOCOUPLE;
TE-148 | ENGINEOIL | 100/260 100 J 32 T0 900 mv TEMPREL PROVISIONS FOR 114" 2
FEMALE NPT OUTLET BY
BUILDER OF MODULE
SYSTEM INTEGRATOR TO
SPECIFY AND PROVIDE
OIL HEATER
100 (OlL. - THERMOCOUPLE;
TE-149 sui',:-:ce 10013200 | peeccire) y 32 70 900 mv TEMPREL PROVISIONS FOR 114" 2
FEMALE NPT OUTLET BY
BUILDER OF MODULE

FIG. A2.19 External Oil System Components  (continued)
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100 ot — FiL LEVEL FOR MEM 4

3. TWO NMEMS 9 NOT ASSEMBLED
A FILL WITH APPROXIMATELY 12 LE. 11 OZ OF CERRO-CAST {ITEM 4)

1. OIL CAPACITY 425-475 CC INCEUDING
HOSE AND FITTINGS AS SHOWN

T0 11.00 LG. (MAKES 2)

3
2
\_"ﬁ’ 1 1 [(.12-27 NPT) FULL PIPE COUPLING
SAWCUT ITEM #1 IN HALF 1 y & Jrean DESCRIPHON

FIG. A2.22 Thermocouple in Oil Heater

INSERT #OHT6A~007A~1

KIT #100292-01 HAYDEN

(.62 0.D.x.94 LG.) #6061 ALUM,

—

BILL OF MATERIAL

=

iR

N
fil/

f !
9.50 REF.
‘IT—/ Y

28.75 THRU
L@ 16.0039.50

[

'y
)

ST

% J% NOTE:
P

FIG. A2.23 Oil Filter Adapter Assembly
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ITEM #3 S REQ'D FOR ASS'Y.
BRACKETED DIMENSIONS ARE IN INCHES

WELDED CONSTRUCTION

USE CROWN #2319 WELDING ROD
OR EQUIVALENT

REPLACEMENT O—RING
#2-230-N674-70 CBB SEAL
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3/8" 5.S. Tubing

6.625 in.

3.625in.

T

7.625 in.
1/4* NPT Coupling
1" long
|t !

I
11.812510n.

Note 1—Weld the coupling to the tubing. Place two marks on the tubing. First mark is 3.625 in. from coupling. This is the highest the float switch
can be adjusted without making contact to the crankshaft. The second mark is 6.625 in. from the coupling. This is the lowest the float can be adjusted
without making contact with the bottom of the pan. The dipstick hole in the block will have to be drilled and tappé@ for @mpression fitting (hole
is about the right size already). Remove the farrels and replace with rubber O-rings. This allows the fitting to be loosene#sandttheng to be
adjusted to the proper float switch setting. Each lab should double check the crank contact distance and oil pan bottom contact distance iattorir applic
as well as ensuring that the oil pan level their system requires can be met with this device. Overall length of the tubing is not critical, our i£.11.8125 i

FIG. A2.24 Oil Pan Float Switch
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' FUEL FILTER

SYMBOLS AND ABBREVIATIONS

c COMMON TR ) D><I  MANUAL VALVE (SHUT-OFF)
CHW  CHILLED WATER (5'F OR 40°F BRINE TEMP)
GGND  GONDENSATE 1Ol MANUAL VALVE (BALANCING)
CP1  CONTROL PANEL FOR HVAC & DESICANT
DRYER UNITS (BY MANUF. ™J  cHeECK VALVE
CP2Z  CONTROL PANEL FOR TEMPERATURE AND
HUMIDITY SETPOINTS SOLENOID VALVE
CP3  CONTROL PANEL FOR CHILLER UNIT
(BY MANUF.)
lil CONTROL VALVE
CTCV  CAPILLARY TEMPERATURE CONTROL VALVE
CW_ CITY WATER SELF CONTAINED PRESSURE
FCS  FLOW CONTROL SOLENOID REGULATING VALVE
FCV  FLOW CONTROL VALVE
FE  FLOW ELEMENT
FI . FLOW INDICATOR (MANUAL) SELF CONTANED TEMPERATURE
LS Lo e CONTROL VALVE WITH
CAPILLARY TUBE
HE  HUMIDITY ELEMENT
HX  HEAT EXCHANGER
LS LEVEL SWITCH 3 WAY SOLENOID VALVE
M MOTOR
NG NomMALY PN
N N Y OPEN
B POMP % 3 WAY CONTROL VALVE
PCD  PRESSURE CONTROL DAMPER
PCV  PRESSURE CONTROL VALVE
PE  PRESSURE ELEMENT i7~{ STRAINER
Pi  PRESSURE INDICATOR (MANUAL)
PRG  PRESSURE REGULATING VALVE EQUIPMENT
PS5 PRESSURE SWITCH FLOW OF OR MEASURING
s SOLENOID INFORMATIOI DEVICE
STM  STEAM
TCY  TEMPERATURE CONTROL VALVE
TE  TEMPERATURE ELEMENT Loo!
T TEMPERATURE INDICATOR (MANUAL) NUMBER
TS TEMPERATURE SWITCH

CONTROL!
COMPUTER
FUNCTION

Power-Tek Inc.
SCALE _— APPROVED DRAWN B DEW
CHK'D M BUDI O 01-11-95
FIGURE 20
DWG No.
M0O2C

FIG. A2.25 Typical Fuel System
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[+——76.20[3]

101.6004]

PRESSURE TAP
212,73 [8 3/8]

32.40 (7]

.

\ ~TRERMICOUPLE

DRILL & TAP 1/8-NPT
2 PLACES

[

H

| [ |

2

DIMENSIONS ARE N MILLIMETERS AND (INCHES]

FIG. A2.26 Intake Air Cleaner Assembly

FLANGF ON
EXHAUST MANIFILD

217 FLEX
PIPE
SOLID OR FLEX

TwO 45° ZLBIWS
"0 ACCOMAZATE
SYSTEM RILTING
812,80 +25.40 /87 MINIMUM VARIATIINS
R 92,0803 5/81 MINI
: 7/
L ANGES 47,6301 7/8]
MUST MATE

22860 *6.35
[S $.25]
NOTE: RADIAL O

22860 £.6.35

[ £25] —‘ AND EXHAUST B

- SENSCR TO B=

|7 ’ IS CONVINIENT.
88.90 +6.35
{3 172 £.25]

.
£3P SENSDR——ﬁ5U 16,35 | 4

[6 172 £.25] R
~—AFR SENSOR

DIMENSIONS ARE IN
MILLIMETERS AND [INCHES] A

FIG. A2.27 Laboratory Exhaust System
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.25 STEEL TUBING

BEND SU AS SHOWN
WELD AND GRIND _\

HEMISPHERICAL 1N

9.5
318 [.125] ORIL THRU
378] A R R

L

Fan
[.25] {.z5) {.25] (.25}

508 [2}

PROBE DETAIL

EXHAUST BACK-PRESSURE PROBE

SWAGELOCK §-400-1-8
MALE CONNECTOR OR
E

EQUVALENT ORILL 8ODY

6.35 [.25] THRU

5" PIPE UNION
/_/ 7 STEEL PIPE

N 3
/ EXHAUST FLOW
19.06 [.75] DRILL — —_ e —
NOTE: PROBE @ TO BE
COINCIDENT WITH' PIPE ¢
AN 3

ASSEMBLY DETAIL

Note 1—Bend external tubing segment after assembly parallel with probe axis as shown. This permits visual alignment check during operation.
FIG. A2.28 Exhaust Back Pressure Probe

854.10(2.13)
853.85(2.12}

k ©23.37 (920}
223.24 [.915]

. 4

O-RING SITS
HERE

69 [.027)
58 [.023]

O-RING TO SEAL THERMOSTAT
IN HOUSING (INTAKE) IS FORD
PART N8O6807.

FIG. A2.29 Thermostat Orifice Plate

A3. OIL HEATER CERROBASE REFILL PROCEDURE

A3.1 The cylinder that holds the Cerrobase, Chromaloxn a vise at the work bench.
heater element, and thermocouple is called the cartridge. Take
the cartridge out of its insulated case at the engine by backing A3.2 Remove the cable cover and cable connections at the
out six 3 8-16 by/shex head screws. Hold the cartridge uprightheater element. It is a good idea to make a sketch of the cable
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connections and shorting bars because this arrangement is rastsembly. Screw the heater funnel into one ofi#PT holes.
always the same. Remove tweNPT pipe plugs at the top of The heater funnel is made up of a heavy wall funnel welded to
the cartridge so that the Cerrobase chamber will be fully vented 3-in. long,¥s in. pipe nipple. (Warning—Do not over-torque
to atmosphere. the 3-in. hex because differential contraction can lock the hex.)

A3.3 Using an acetylene torch, play it on all accessible A3.8 Keep playing the torch on the cartridge while work-
surfaces of the cartridge until the Cerrobase is completelyng, and when the heater funnel has been screwed in place, heat
melted. The Cerrobase must be liquid. Check with a preheatet also. Finish filling the cartridge with Cerrobase. Look
welding rod through one of thEsNPT holes. Put a wrench on through the opefts NPT hole to see the Cerrobase liquid level
the 3-in. hex flat and try to remove the heater element from thand pour Cerrobase through the funnel until the liquid level is
cartridge. Again, be sure the Cerrobase is completely meltedithin 2.250 and 2.375 in. of the top of the plug. As shown on
before screwing out on the 3-in. hex. Cerrobase melts at 255°F.D-428, this will leave expansion space for the Cerrobase in
Don't force the hex. Keep heating the cartridge and pumpinghe cartridge. If the cartridge should be overfilled, use the
the wrench until the heater element can be backed out of thiellowing technique to remove Cerrobase.

cartridge. A3.8.1 Cool a piece of welding rod in ice water. Wipe the
drod completely dry and immerse it in the Cerrobase. Pull it out.
oome Cerrobase will have solidified and frozen to the rod.

lide Cerrobase off the rod and repeat as necessary to get the
lguid level to within %4 in. of the plug.

A3.4 After removing the heater element, lay it aside an
pour the melted Cerrobase out of the cartridge into a suitabl
dry receiver. Keep heat on the cartridge and be sure it i
completely empty of Cerrobase and oxide. Clean all surfaces

the cartridge thoroughly by heating and wire brushing. A3.9 Use a new thermocouple. Thread eleven heat insula-
A3.5 Hold the heater element in a vise across the hex flatdion Peads on the thermocouple. Check the Cerrobase with

Remove the thermocouple. Play the torch along the heaté(yelding roq 'Fo be sure it is liquid. Preheat the thermocoupl'e
elements and wire brush, as necessary, to remove oxide. a_”d push 't_ into the Cerrobase through t_he center, 0.250-in.
diameter drilled hole. The eleven beads will serve as a gage to

A3.6 Replace the cartridge in the vise and heat it with adetermine immersion depth of the thermocouple. Be sure the
torch. If the Cerrobase is clean and bright, reuse it. In any cas®,250-in. hole is clean. In the final assembly, clearance between
melt 8.5 lbs of Cerrobase, enough to fill the cartridge abouthis hole and the thermocouple will be the only vent between
two-thirds full. A good way to melt the Cerrobase is to hold thethe Cerrobase and atmosphere. Tie the thermocouple down;
ladle in a vise. Heat the ladle and Cerrobase until meltedptherwise, the thermocouple will float out of the liquid Cerro-
remembering to put occasional heat on the cartridge to keelpase.

Cerrobase in the cartridge liquid. Pour from the ladle carefully )
to avoid splashing. Avoid thermal shock by keeping all parts A3.10 Let the cartridge cool to room temperature. Remove

coming into contact with Cerrobase well heated. the heater funnel and install twid NPT pipe plugs. Connect
the cable and shorting bars in their original arrangement.

A3.7 Preheat the heater element and immerse it in th®eplace the thermocouple connector and cable cover. Reinstall
liquid Cerrobase. Pull up on the 3-in. hex to secure thehe cartridge in its insulated case at the engine.

A4. ENGINE PART NUMBER LISTING

A4.1 Table A4.1 lists the new parts required for each new  engine and Table A4.2 lists other specified engine parts.

TABLE A4.1 New Parts Required for Each New Engine

Part Name Part No.
Gasket, camshaft cover (R.H.) F1AZ-6584-A
Gasket, camshaft cover (L.H.) F1AZ-6584-B
Gasket, intake manifold F1AZ-9461-A
to cylinder head (2 required)

Gasket, oil filter adapter F1AZ-6840-A
Gasket, oil pan F1AZ-6710-A
Gasket, thermostat housing (O-ring) F1VY-8255-A
Gasket, throttle body adapter F1AZ-9H486-A
Gasket, throttle body F1AZ-9E936-A
Gasket, EGR GAZ-90476-B
Gasket, idle air control valve E83T8F760
Gasket, water pump F1VY-8507-A
Spark plugs AWSF 32C
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TABLE A4.2 Other Specified Engine Parts

Part Name

Part Number

Harmonic balancer
Oil pan
Intake manifold

Camshaft cover (R.H.)
Camshaft cover (L.H.)
Thermostat housing

Oil filter adapter

Dipstick tube

Oil pressure switch

Oil pressure sensor

Camshatft positioner sensor (CMP)
Crankshaft position sensor (CKP)
Water temperature indicator sender

Throttle position sensor (TP)
Engine coolant temperature sensor

Heated exhaust gas oxygen sensor

Air charge temperature (ACT) sensor
Mass Air Flow Sensor

Manifold absolute pressure (MAP) sensor

Ignition coil (R.H.)
Ignition coil (L.H.)

Ignition coil bracket (R.H.)
Ignition coil bracket (L.H.)
Ignition wires

Ignition control module (ICM)

Fuel injectors
Fuel rail

Fuel pressure regulator

Air cleaner outlet tube

Air cleaner outlet tube clamp
Crankcase ventilation tube
Engine air cleaner assembly
Air cleaner element
Resonator box

Throttle body

Throttle body adapter
Engine wiring harness
Engine control module
Special EPROM
Exhaust manifold (R.H.)
Exhaust manifold (L.H.)
Engine flywheel

Engine mounts (R.H.)
Engine mounts (L.H.)
Engine mount isolators

F1AZ-6316-A
F1AZ-6675-A
F1AZ-9424-C or
F1AE-9424 or
F1AE-9425
F1AZ-6582-A
F1AZ-6582-B
F1VY-8592-A or
F1AE-8594
F1AZ-6881 or
F1AE-6881 or
F1AE-6884
F1AZ-6754-A
E957-9278-A
90290
F1AZ-6B288-A
F1AZ-6C315-A
F1SZ-10884-A or
F1SF-10884
F2AZ-9B989-A or
F2AF-9B989
F2AZ-12648-A or
F2AF-12A648
FOTZ-9F472
F2DZ-12A697
F2VF-12B579
F7FZ-9F479 or
E7EF-9F479
F1VY-12029 or
F1VU-12029
F3VU-12029 or
F5LU-12029
F1AZ-12257
F3AZ-12257
F3PZ-12259-C
F1AZ-12K072-A or
F1AF-12K072
FOTZ-9F593
F2AZ-9F792-A or
F2AE-9F792
E6AZ-9C968 or
E7DE-9C968
F2AZ-9B659
F2AZ-9A624-A
F1AZ-6C324-A
F2AZ-9600
E5TZ-9601
F2AE-9R504
F2AZ-9E926 or
F2AE-9E926
F2AE-9A589
OHT6A-001-01

OHT6A-002-1, ECM/EEC

OHT6A-005-1
F1AZ-9430-B
F1AZ-9431-B
OHT6A-003-1
DTSC-80-128-1
DTSC-80-126-1
DTSC-40-132-1

A5. FLYING FLUSH CHECKLISTS

A5.1 Figs. A5.1-A5.3 are examples of flying flush check-
lists. Fig. A5.1 is the detergent flush checklist; Fig. A5.2 is the
double flush to test oil checklist; and Fig. A5.3 is the double
flush to BC oil checklist.
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STANDARD CHECKLIST FOR DETERGENT FLUSH
[ 1 Set1500/98/105/125" until ail temp is at 125°C (257°F)
[ 1 Set1500r/min//98 N-m load
[ ] F/F®to BCFS, time
[ 1 Set1500/98/105/125"
{ 1 Run2h (unti )
[ 1 Set1500r/min//98 N-m load
[ 1 F/F°to BC Qi time
{ 1 Set1500/98/105/125*
[ 1 Run 30 min (until time)
[ 1 Set1500r/min//98 N-m ioad
[ 1 F/F®tc BC Qil, time
[ 1 Set1500/98/105/125*
{ 1 Run 30 min (until time)
[ 1 Set1500 r/min//28 N-m load*
{ 1 F/F®toBC Qil, time
[ 1 Continue with routine test operating checklist

AThis designation represents speed (r/min), load (N-m), coolant inlet temperature (°C), oil gallery temperature (°C) in all places where it appears in this checklist. English
equivalent is (1500 r/min, 72.3 Ibf-ft, 221°F, 257°F).

B Designation for flush/fill procedure in which (a) 5.68L (6 qt) of oil are flushed in while (b) 5.68 L (6 qt) of sump oil is scavenged out.
€ Designation for flush oil, ASTM BCF.

FIG. A5.1 Detergent Flush Checklist, BC After Test Oil
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STANDARD CHECKLIST FOR DOUBLE FLUSH

[ 1 Set1500/98/105/125" until oil temp is at 125°C (257°F)
[ 1 Set1500 r/min//98 N-m load

[ 1 F/Ffto____ Oi, time

f 1 Set1500/98/105/125"

[ 1 Run 30 min (unti time)

[ ] Set 1500 r/min//98 N-m load

[ 1] F/FPto Oil, time

[ 1 Set1500/98/105/125%

[ 1 Run 30 min (until time)

[ 1 Set1500 rpm/98 N-m load”

[ ] F/FPto____ Oi, time

[ 1 Establishpropersumplevelwith _______ oil

[ 1 Continue with routine test operating checklist

AThis designation represents speed (r/min), load (N-m), coolant inlet temperature (°C), oil gallery temperature (°C) in all places where it appears in this checklist. English
equivalent is (1500 r/min, 72.3 Ibf-ft, 221°F, 257°F).
B Designation for flush/fill procedure in which (a) 5.68L (6 qt) of oil are flushed in while (b) 5.68L (6 qt) of sump oil is scavenged out.

FIG. A5.2 Double Flush to Test Oil Checklist

TANDARD CHECKLIST FOR DOQUBLE FLUSH

[ 1 Set1500/98/105/125* until oil temp is at 125°C (257°F)
[ 1 Set1500r/min/98 N-m load

[ 1 F/F®to BC Qil time

[ ] Set1500/98/105/125%

[ ] Run30min(untl ________ time)

[ 1 Set1500 r/min/98 N-m load

[ 1] F/F®toBC Oil, time

[ ] Set1500/98/105/125*

{ 1 Run 30 min (until time)

{ 1 Set1500 rpm/98 N-m load*

[ 1 F/F®to BC Qi time

[ 1 Establish proper sump level with oil

[ ] Continue with routine test operating checklist

A This designation represents speed (r/min), load (N-m), coolant inlet temperature (°C), oil gallery temperature (°C) in all places where it appears in this checklist. English
equivalent is (1500 r/min, 72.3 Ibf-ft, 221°F, 257°F).
B Designation for flush/fill procedure in which (a) 5.68L (6 qt) of oil are flushed in while (b) 5.68L (6 qt) of sump oil is scavenged out.

FIG. A5.3 Double Flush to BC Oil Checklist

A6. SAFETY PRECAUTIONS
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A6.1 General Information A6.2.2.1 Gasoline - (Unleaded)

A6.1.1 The operating of engine tests can expose personnel (1) Extremely flammable. Vapors harmful if inhaled. Va-
and facilities to a number of safety hazards. It is recommendeBOrs may cause flash fire.
that only personnel who are thoroughly trained and experi- (2) Keep away from heat, sparks, and open flames.
enced in engine testing should undertake the design, installa- (3) Keep containers closed; use positive shut off valves on
tion, and operation of engine test stands. fuel lines. o

A6.1.2 Each laboratory conducting engine tests should have (4) Use with adequate ventilation.
its test installation inspected and approved by its Safety (5) Avoid buildup of vapors and eliminate all sources of
Department. Personnel working on the engines should b#nition, especially non-explosion proof electrical apparatus
provided with the proper tools, be alert to common sense safe§nd heaters. _
practices, and avoid contact with moving or hot engine parts, or ~ (6) Avoid prolonged breathing of vapor.
both. Guards should be installed around all external moving or ~ (7) Avoid prolonged or repeated skin contact.
hot parts. When engines are operating at high speeds, heavy (8) In case of spillage, soak up with clay or diatomaceous
duty guards are required and personnel should be caution&grth, or similar materials.
against working alongside the engine and coupling shaft. (9) In case of fire, use foam, dry chemical, or CO
Barrier protection should be provided for personnel. All fuel A6.2.2.2 Organic Solvent (Penmul L460)
lines, oil lines, and electrical wiring should be properly routed, (1) Before opening the container, relieve pressure. Keep
guarded, and kept in good order. Scraped knuckles, mindhe container tightly closed when not in use.
burns, and cuts are common if proper safety precautions are not (2) Store at moderate temperatures and keep away from
taken. Safety masks or glasses should always be worn byeat, sparks, open flame, and strong oxidizing agents.
personnel working on the engines and no loose or flowing (3) Use dry chemical, foam, or CQOas extinguishing
clothing should be worn near running engines. media.

A6.1.3 The external parts of the engine and the floor area (4) In case of spillage, cover with absorbent material and
around the engines should be kept clean and free of oil and fuéWweep. Dispose in accordance with RCRA procedures.
spills. In addition, the working areas should be free of all (5) Use safety glasses and impervious gloves when han-
tripping hazards. In case of injury, no matter how slight, firstdling.
aid attention should be applied at once and the incident (6) Use respiratory hydrocarbon vapor canister in enclosed
reported. Personnel should be alert for leaking fuel or exhaustreas.
gas. Leaking fuel represents a fire hazard and exhaust gas (7) Use only if adequate ventilation is available.
fumes are noxious. Containers of oil or fuel cannot be (8) Avoid contact with eyes, skin, and clothing.
permitted to accumulate in the testing area. (9) Flush eyes with water for 15 min after contact. Wash

A6.1.4 The test installation should be equipped with a fuelskin thoroughly with soap and water.
shut-off valve that is designed to automatically cut off the fuel A6.2.2.3 Organic Solvent (Oakite 811)
supply to the engine when the engine is not running. Aremote (1) Before opening the container, relieve pressure. Keep
station for cutting off fuel from the test stand is recommendedthe container tightly closed when not in use.
Suitable interlocks should be provided so that the engine is (2) Store at moderate temperatures and keep away from
automatically shut down when any of the following eventsheat, sparks, open flame, and strong oxidizing agents.
occur: dynamometer loses field current, engine overspeeds, (3) Use dry chemical, foam, or CQas extinguishing
engine oil pressure is lost, exhaust system fails, room ventilanedia.
tion fails, or the fire protection system activates. Consider an  (4) In case of spillage, cover with absorbent material and
excessive vibration pick-up interlock if equipment operatessweep. Dispose in accordance with RCRA procedures.
unattended. Fixed fire protection equipment should be pro- (5) Use safety glasses and impervious gloves when han-
vided. dling.

A6.1.5 ASTM Sequence Tests use chemicals to clean en- () Use respiratory hydrocarbon vapor canister in enclosed
gines between tests. Some of these chemicals require thateas.
personnel wear face masks, dust breathers, and gloves as (7) Use only if adequate ventilation is available.
exothermic reactions are possible. Emergency showers and (8) Avoid contact with eyes, skin, and clothing.

face rinse facilities should be provided when handling such (9 Flush eyes with water for 15 min after contact. Wash

materials. skin thoroughly with soap and water.
) _ i A6.2.2.4 Aliphatic Naphtha (Stoddard Solvent)
A6.2 Physical and Chemical Hazards List (1) Combustible vapor harmful if inhaled.
A6.2.1 Physical Hazards (2) Keep away from heat, sparks, and open flame.
A6.2.1.1 Hot engine parts, exhaust pipe, (3) Use with adequate ventilation.
A6.2.1.2 Rotating engine/test stand parts (belts, pulleys, (4) Avoid breathing vapor or spray mist.
shafts), (5) Avoid prolonged or repeated contact with skin.
A6.2.1.3 Electrical shock, and (6) In case of spillage, soak up with clay, diatomaceous
A6.2.1.4 Noise. earth, or similar material.
A6.2.2 Chemical and Materials Hazards (7) In case of fire, use foam, dry chemical, or £O
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A6.2.2.5 Cooling System Cleanser (5) If swallowed, induce vomiting immediately by giving
(1) Store at moderate temperatures. Keep container closddecac syrup.
until used. A6.2.2.7 New and Used Oil Samples
(2) Use water spray, dry chemical, foam, or C@s (1) Store at moderate temperatures and keep away from
extinguishing media. extreme heat, sparks, open flame, and oxidizing agents.
(_3)In case of spillage, sweep up. Prevent entry into natural (2) Use dry chemical, foam, or CQas extinguishing
bodies of water. media. In case of spillage, cover with absorbent material and

(4) Use safety glasses and impervious gloves when harkweep up.
dling. _ o () Use safety glasses and impervious gloves when han-
(5) Use respiratory protection in absence of proper e”V"dIing.
ronmental control.
(6) Use only if adequate ventilation is available.
(7) Avoid contact with eyes, skin, and clothing.
(8) Flush eyes with water for 15 min after contact. Wash

(4) Avoid contact with eyes, skin, and clothing.
(5) Flush eyes with water for 15 min after contact.
(6) Wash skin thoroughly with soap and water.

skin thoroughly with soap and water. A6.2.2.8 Used Oil Samples_QrﬂySince useq oils contain_
AB.2.2.6 Oxalic Acid (Cooling System Cleanser) compounds that were not orlg_lnally present in the new _0|I,
(1) Toxic substance. Avoid contact with eyes, skin andfpllow the most stringent Materials Safety Data Sheets guide-
clothing. lines for all components present.
(2) Do not inhale dust. Note A6.1—In addition to other precautions, note that continuous
(3) Keep away from feed or food products. contact with used automotive engine oils has caused skin cancer in
(4) In case of contact, flush skin or eyes with water. laboratory mice.

A7. REPORT FORMAT

A7.1 Figs. A7.1-A7.15 are examples of report forms as
follows:

Fig. A7.1-Evaluation Report Version 19990729

Fig. A7.2—Test Report on a Non-Reference Oll

Fig. A7.3—Test Report on a Reference Oil

Fig. A7.4—Operational Data Analysis

Fig. A7.5—-General Parameter Listing - 16 h Aging

Fig. A7.6—General Parameter Summary - BC Before Test Oil

Fig. A7.7—General Parameter Summary - Test Oil

Fig. A7.8—General Parameter Summary - BC Oil After Test
0]]

Fig. A7.9—Critical Parameter Summary - Stage 1

Fig. A7.10—Critical Parameter Summary - Stage 2

Fig. A7.11—Critical Parameter Summary - Stage 3

Fig. A7.12—Critical Parameter Summary - Stage 4

Fig. A7.13—Critical Parameter Summary - Stage 5

Fig. A7.14—Critical Parameter Summary - Stage 6

Fig. A7.15-Supplemental Operational and Maintenance
Record

57



A D 6202 — 02
“afl

SEQUENCE VIA

Version: 19990729

CONDUCTED FOR:

TSTSPONT

TSTSPONZ2

LABVALID

V = VALID

I = INVALID

Lab: LAB

Date Completed: RDTCOMP/DTCOMP

Time Completed: REOTTIME/EOTTIME

Test Number

Test Stand: STAND

Runs On The Stand: ASTRUN/STRUN | Engine No.: RENGNO/ENGNO

Runs on Engine: AENRUN/ENRUN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes

ALTCODET

ALTCODEZ2

ALTCODE3

In my opinion this test OPVALID been conducted in a valid manner in accordance with
Test Method D6202 and the appropriate amendments through the information letter
system. The remarks included in the report describe the anomalies associated with this test.

SUBMITTED BY:

SUBLAB
Testing Laboratory

SUBSIGIM

Signature
SUBNAME

Typed Name
SUBTITLE
Title

FIG. A7.1 Test Report Cover
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SEQUENCE VIA
FORM 2

TEST REPORT ON A NON-REFERENCE OIL

Lab: LAB Date Completed: RDTCOMF/DTCOMP Time Completed: REOTTIME/EOTTIME
Test Number

Test Stand: STAND Runs On The Stand: RSTRUNISTRUN Engine No.: RENGNO/ENGNO Runs on Engine: RENRUN/ENRUN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes ALTCODET ALTCODEZ ALTCODE3

TEST DOCUMENTATION

SAE Grade: SAEVISC BC Start Date: BCDTST
New Oil Viscosity @ 40 °C, ¢St V40ONEW BC Start Time: BCSTIME
New Qil Viscosity @ 100°C, ¢St V100NEW Non-Reference Oil Start Date: DTSTRT
Aged (16 hr.) Oil Viscosity @ 40 °C, ¢St VINI40 Non-Reference Qil Start Time: STRTTIME
Aged (16 hr.) Oil Viscosity @ 100°C, ¢St VINITO0 Test Duration, Hours TESTLEN
Calibration Oil Batch CALOILBT Total Engine Hours @ End of Test: | ENHREND
Laboratory Oil Code LABOCODE Most Recent Fuel Batch FUELBTID

OVERALL RESULTS

kg

BC Oil

Average of BC Oil

BC Shift% Delta

BCSFTDLT

Test Oil
Fuel Economy Improvement Relative to the Average of BC (%) FEl
Severity Adjustment FEISA
Final Result FEIFNL
BC Before Non-Reference Pre-Test Verification
Stage 1 2 3 4 5 6
Max. 0.139 0.185 0.000 -0.225 -0.215 0.216
Stage Delta SDLTROOT | SDLTR0O02 | SDLTRO0O3 | SDLTR0O04 | SDLTRO0O5 | SDLTRO0O6
Min. 0.102 0.152 -0.021 -0.262 -0.253 0.182 6 Stage Mean
Accept Y/N | ACPTROOT | ACPTRO0O2 | ACPTROO3 | ACPTRO0O4 |ACPTROO5 |ACPTRO06 | SDLTRMEN

FIG. A7.2 Test Report on a Non-reference Oil
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SEQUENCE VIA

FORM 2A

TEST REPORT ON A REFERENCE OIL

Lab: £AB Date Completed: RDTCOMP/DTCOMP Time Completed: REQTTIME/EOTTIME
Test Number
Test Stand: > |Runs On The Stand: RSTRUN/STRUN Engine No.: RENGNO/ENGNO Runs on Engine: RENRUN/ENRUN
Qil Code: CMIR/QILCODE Engine Serial # ENGSN
Formulation/Stand Code: FOAM
Alternate Codes ALTCODET ALTCODE2 ALTCODE3
REFERENCE TEST DOCUMENTATION
SAE Grade: RSAEVISC BC Start Date: RBCDTST
Calibration Qil Batch RCALOIL BC Start Time: RBCSTIME
Laboratory Qil Code RLABOCOD Reference Qil Starf Date: RDTSTRT
Most Recent Fuel Batch RFUELBID Reference Qil Start Time: RSTRTIME
Test Duration, Hours RTESTLEN Total Engine Hours @ End of Test: |RENHREND
OVERALL RESULTS
Sequence of Tests
kg 1 2 3 BC Shift% Delta
BC Oil RBC1KG RBC2KG RBCSFTDT
Average of BC Qil RABCKG
Test Oil RKGO
. o RFEI
Fuel Economy Improvement Relative to the Average of BC (%)
Corrected Result RFEICF
Final Result RFEIFNL
BC Before Reference Pre-Test Verification
Stage 1 2 3 4 5 6
Max. 0.139 0.1856 0.000 -0.225 -0.215 0.216
Stage Delta RSDTROO? | RSDTR0O02 | RSDTRO03 | RSDTR0O04 | RSDTRO0O5 | RSDTROO6
Min. 0.102 0.152 -0.021 -0.262 -0.253 0.182 6 Stage Mean
Accept Y/N RCPTROO1 | RCPTRO02 | RCPTR0O0O3 |RCPTRO04 |RCPTRO05 |RCPTROQ6 | RSDTRMEN
Reference Oil Statistics
TMC Oil Code Variable Mean S.D. Effective Date:
IND FEI RFEIMEAN RFEISD ROSTDTE

FIG. A7.3 Test Report on a Reference Oil
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SEQUENCE VIA
FORM 3
OPERATIONAL DATA ANALYSIS

Lab: A8 Date Completed: RDTCOMP/DTCOMP Time Completed: AEOTTIME/EOTTIME
Test Number
Test Stand: =™ [Runs On The Stand: 75 PUMSTRUN | £ ine No.: RENGNO/ENGNG Runs on Engine:  TENRUNENRUN
Oil Code: CMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes ALTCODET ALTCODE2 ALTCODE3
Computed Averages
Weighted
Stage BSFC BSFC Nominal Weight Fuel
Qil kg/kW h C.V.% Power Factor Consumed
kW kg
1 BFCARB1A| BFCCRBITA 2.18 0.077472 | WFC RBI1A
BC 2 BFCARB2A | BFCCRB2A 2.18 0.082500 |WFC RB2A
Before 3 BFCARB3A | BFCCRB3A 5.81 0.035417 | WFC RB3A
Tg;t 4 BFCARB4A | BFCCRB4A 15.39 0.078250 | WFC RB4A
5 BFCARBS5A | BFCCRB5A 15.39 0.033139 | WFC RB5A
6 BFCARBG6A | BFCCRB6A 2.18 0.045444 | WFC RB6A
Total Fuel Consumed including constant of 0.254 kg RBCI1KG/BC1KG
1 BFCARC1A | BFCCRC1A 2.18 0.077472 | WFC RCI1A
2 BFCARC2A | BFCCRC2A 2.18 0.082500 |WFC RC2A
Test 3 BFCARC3A | BFCCRC3A 5.81 0.035417 | WFC RC3A
Oil 4  \BFCARC4A | BFCCRC4A 156.39 | 0.078250 |WFC RC4A
5 BFCARCSBA BFCCRC5A 15.39 0.033139 | WFC RC5A
6 BFCARC6A | BFCCRC6A 2.18 0.045444 | WFC RC6A
Total Fuel Consumed including constant of 0.254 kg RKGO/KGO
1 BFCARA1A | BFCCRAIA 2.18 0.077472 | WFC RAIA
BC 2 BFCARA2A | BFCCRA2A 2.18 0.082500 |WFC RA2A
After 3 BFCARA3A | BFCCRA3A 5.81 0.035417 | WFC RA3A
Tgﬁt 4  |BFCARA4A | BFCCRA4A 15.39 | 0.078250 | WFC RA4A
5 BFCARAS5A | BFCCRASA 15.39 0.033139 | WFC RAS5A
6 BFCARAGA BFCCRABA 2.18 0.045444 | WFC RAGA
Total Fuel Consumed including constant of 0.254 kg RBC2KG/BC2KG|

FIG. A7.4 Operational Data Analysis
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SEQUENCE VIA

FORM 4

GENERAL PARAMETER LISTING

Lab: LAB Date Completed: ADTCOMP/DTCOMP Time Completed: REQTTIME/EOTTIME
Test Number

Test Stand:  °™  |Runs On The Stand: "= "O¥STRN | £ rgine No.: RENGNO/ENGNO Runs on Engine:  TEMIUMENRUN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes | ALTCODET ALTCODE2 ALTCODE3

16 h Aging
SPEC AVERAGE " MAX A MIN 7

1. Speed, r/imin 1500 + 2 ARPM16H XRPM16H IRPM16H
2. Load, N-m 98 + 0.07 ALD16H XLD16H ILD16H
3. Oil Gallery Temperature, °C 125 £ 2 AOGT16H XOGT16H IOGT16H
4. Coolant Inlet Temperature, °C 105 + 2 ACINT16H XCINT16H ICINT16H
5. Oil Circulation Temperature, °C Record ASMPT16H XSMPT16H ISMPT16H
6. Coolant Out Temperature, °C Record ACOT16H XCOT16H ICOT16H
7. Intake Air Temperature, °C 27 £ 2 AINATI16H XINAT16H IINAT16H
8. Fuel to Flowmeter Temperature, °C 18 - 32 AFTMMI16H | XFTMM16H IFTMM16H
9. Fuel to Fuel Rail Temperature, °C 20 £ 2 AFTFR16H XFTFR16H IFTFR16H
10. Load Cell Temperature, °C + 3 ALCT16H XLCT16H ILCT16H
11. Oil Heater Temperature, °C 205 max AHEAT16H | XHEAT16H JHEAT16H
12. Intake Air Pressure, kPa 0.05 + 0.02 AINAP16H XINAP16H IINAP16H
13. Fuel to Flowmeter Pressure, kPa 100 min AFPMM16H | XFPMM16H IFPMM 16H
14. Fuel to Fuel Rail Pressure, kPa 205 - 310 AFPFR16H XFPFR16H IFPFR16H
15. Intake Manifold Pressure, kPa abs. Record AINTV16H XINTV16H IINTV16H
16. Exhaust Back Pressure, kPa abs. 104 = 0.17 | AEXBPI6H | XEXBPI6H IEXBP16H
17. Engine Oil Pressure, kPa Record AOGP16H XOGP16H I0GP16H
18. Coolant Flow, L/min 130 + 4 AMCF16H XMCF16H IMCF16H
19. Fuel Flow, kg/h Record AFFLOT16H XFFLOT16H IFFLO16H
20. Intake Air Humidity, g/kg 11.4 = 0.8 AINAH16H XINAH16H IINAH16H
21. Air/Fuel Ratio Record AAFR16H XAFR16H IAFR16H

A Based on a minimum of one determination per hour
FIG. A7.5 General Parameter Listing - 16 h Aging
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SEQUENCE VIA
FORM 5
GENERAL PARAMETER SUMMARY

Lab: LAB Date Completed: RDTCOMP/DTCOMP | Time Completed: REOTTIME/EOTTIME
Test Number

Test Stand: srano Runs On The Stand: ARSTRUN/STRUN Engine No.: RENGNO/ENGNO Runs on Engine: ReNRUN/ENRYN

Qil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes [AL TCODET IAL TCODE2 |AL TCODE3

BC Before Test Qil
General Parameters
Stage
Spec 1 2 4 5 6

1. Oil Circulation Temperature, °C Record OCT RBO1 | OCT RBO2 | OCT RB03| OCT RBO4| OCT RBO5 | OCT RBO6
2. Coolant Out Temperature, °C Record COT RBO1 | COT RBO2 | COT RBO3 | COT RBO4 | COT RBO5 | COT RBO6
3. Fuel to Flowmeter Temperature, °C 20-32 FFT RBO1 | FFT RBO2| FFT RBO3| FFT RBO4| FFT RBO5| FFT RBOS
4. Delta Fuel to Flowmeter Temperature, °C A <4 FFTDRBO1 | FFTDRBO2 | FFTDRBO3 | FFTDRBO4 | FFTDRBOS5 | FFTDRBO6
5. Test Cell Temperature, °C Record TCT RBO1 | TCT RBO2| TCT RBO3| TCT RBO4| TCT RBO5| TCT RBO6
6. Load Cell Temperature, °C Record LCT RBO1| LCT RBO2| LCT RBO3| LCT RBO4 | LCT RBO5| LCT RBO6
7. Delta Load Cell Temperature, °C A <6 LCTDRBO1 | LCTDRBO2 | LCTDRBO3 | LCTDRBO4 | LCTDRBOS | LCTDRBO6
8. Oil Heater Temperature, °C 200 max | oHT RBO1 | OHT RBO2 | OHT RBO3 | OHT RBO4 | OHT RBO5 | OHT RBO6
9. Intake Air Pressure, kPa 0.05 + .02 | ;ap RROT| IAP RBO2| IAP RBO3| IAP RBO4| IAP RBO5| IAP RBO6
10. Fuel to Flowmeter Pressure, kPa 100 min FFP RBO1 | FrP RBO2 | FFP RBO3| FFP RBO4| FFP RBO5| FFP RBOG
11. Fuel to Fuel Rail Pressure, kPa 205 - 310 | rrrRPRBO1 | FFRPRBO2 | FFRPRBO3| FFRPRBO4| FFRPRBO5| FFRPRBO6
12. Intake Manifold Pressure, kPa abs. Record IMP RBO1 | iMP RBO2| IMP RBO3| IMP RBO4 | IMP RBOS| IMP RBO6
13. Engine Oil Pressure, kPa Record EOP RBO1 | FOP RBO2 | EOP RBO3| EOP RBO4| EOP RBO5| EOP RBO6
14. Coolant Flow, L/min 130 + 4 CF RBO1| CF RBO2| CF RBO3| CF RBO4| CF RBO5| CF RBO6
15. Intake Air Humidity, g/kg 11.4 + 0.8 | 144 RBO7| IAH RBO2| iAH RBO3| IAH RBO4 | IAH RBO5| IAH RBO6

A Differcnce between the maximum stage average reading of the entire test and the individual stage average readings

FIG. A7.6 General Parameter Summary - BC Before Test Oil
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SEQUENCE VIA
FORM 6
GENERAL PARAMETER SUMMARY

Lab: 48 | Date Completed: RDTCOMP/DTCOMPTime Completed: REOTTIME/EOTTIME
Test Number

Test Stand:  s7anD Runs On The Stand: rs7run/sTRUN | Engine No.:  renGnO/ENGNO Runs on Engine: RENRUN/ENRYN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes |AL TCODE1T 1AL TCODE2 1AL TCODE3

Test Oil
General Parameters
Stage
Spec 1 2 3 4 5 6

1. Oil Circulation Temperature, °C Record OCT RCO1 | OCT RCO2 | OCT RCO3 | OCT RCO4 | OCT RCO5 | OCT RCO6
?. Coolant Out Temperature, °C Record COT RCO1 | COT RCO2 | COT RCO3 | COT RCO4 | COT RCO5 | COT RCO6
3. Fuel to Flowmeter Temperature, °C 20-32 FFT _RCO1| FFT RCO2| FFT RCO3| FFT RC04| FFT RCO5| FFT RCO6
4. Delta Fuel to Flowmeter Temperature, °C A =4 FFTDRCO1 | FFTDRCO2 | FFTDRCO3 | FFTDRCO4 | FFTDRCO5 | FFTDRCO6
5. Test Cell Temperature, °C Record TCT RCO7 | TCT RCO2 | TCT RCO3| TCT RCO4 | TCT RCO5 | TCT RCO6
6. Load Cell Temperature, °C Record LCT RCOT | LCT RCO2| LCT RCO3| LCT RCO4| LCT RCO5| LCT RCO6
7. Delta Load Cell Temperature, °C A <6 LCTDRCOT1 | LCTDRCO2 | LCTDRCO3 | LCTDRCO4 | LCTDRCO5 | LCTDRCO6
8. Oil Heater Temperature, °C 200 max OHT RCO1 | OHT RCO2 | OHT RCO3 | OHT RCO4 | OHT RCO5 | OHT RCO6
9. Intake Air Pressure, kPa 0.05 = .02 | jap RCOT| IAP RCO2| IAP RCO3| IAP RCO4| IAP RCO5| IAP RCO6
10. Fuel to Flowmeter Pressure, kPa 100 min FFP _RCO1 | FFP RCO2| FFP RCO3| FFP RCO4| FFP RCO5| FFP RCO6
11. Fuel 1o Fuel Rail Pressure, kPa 205 -310 | FFRPRCOT | FFRPRCOZ | FFRPRCO3| FFRPRCO4 | FFRPRCO5 | FFRPRCO6
12. Intake Manifold Pressure, kPa abs. Record IMP_RCO1 | IMP RCO2 | IMP RCO3| IMP RCO4 | IMP RCO5| IMP RCO6
13. Engine Oil Pressure, kPa Record EOP RCO1 | EOP RCO2 | EOP RCO3| EOP RCO4 | FOP RCO5| EOP RCO6
14. Coolant Flow, L/min 130+4 CF_RCO1| CF RCO2| CF RCO3| CF RCO4| CF _RCO5} CF_RCO6
15. Intake Air Humidity, g/kg 11.4 £ 0.8 | jaH RCO7 | IAH RCO2| IAH RCO3| IAH RC04| IAH RCOS| IAH RCO6

A Difference between the maximum stage average reading of the entire test and the individual stage average readings
FIG. A7.7 General Parameter Summary — Test Oil
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SEQUENCE VIA
FORM 7
GENERAL PARAMETER SUMMARY

Lab: tAB IDate Completed: RDTCOMP/DTCOMP Time Completed: REQTTIME/EOTTIME

Test Number

Test Stand: s74anD Runs On The Stand: ASTRUN/STRUN Engine NoO.: RENGNO/ENGNO

Runs on Engine: RENRUN/ENRUN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes lAl_TCODE7 IALTCODEZ lALTCODE3

BC After Test Qil

General Parameters

Stage
Spec 1 2 3 4 5 6
1. Oil Circulation Temperature, °C Record OCT RAQT | OCT RA02 | OCT RAO3 | OCT RA04 | OCT RAO5 | OCT RAQ6
2. Coolant Out Temperature, °C Record COT RAQ1 | COT RAO2 | COT RAO3 | COT RAO4 | COT RAO5 | COT RAO6
3. Fuel to Flowmeter Temperature, °C 20-32 FFT RAO1 | FFT RA02| FFT RAO3| FFT RA0O4| FFT RAO5| FFT RA0O6
4. Delta Fuel to Flowmeter Temperature,°CA <4 FFTDRAQ! | FFTDRAO2 | FFTDRAO3 | FFTDRAO4 | FFTDRAOS | FFTDRAO6
5. Test Cell Temperature, °C Record TCT RAO1 | TCT RAQ2 | TCT RAO3| TCT RAO4 | TCT RAO5| TCT RA06
6. Load Cell Temperature, °C Record LCT RAOT | LCT RAO2 | LCT RAO3| LCT RAO4 | LCT RAO5 | LCT RAOS
7. Delta Load Cell Temperature, °C A <6 LCTDRAOT | LCTDRAO2 | LCTDRAO3 | LCTDRAO4 | LCTDRAQS | LCTDRAO6
8. Oil Heater Temperature, °C 200 max | oHT RAO1 | OHT RAO2 | OHT RAO3 | OHT RAO4 | OHT RAO5 | OHT RAO6
9. Intake Air Pressure, kPa 0.05 + .0Z | jap RAOT | IAP RAO2| IAP RAO3| IAP RAO4| IAP RAO5| IAP RAO6
10. Fuel to Flowmeter Pressure, kPa 100 min FFP RAOT | FFP RAQ2| FFP RAO3| FFP RAO4 | FFP RAO5| FFP RAO6
11." Fuel to Fuel Rail Pressure, kPa 205 - 310 | FFRPRAOT | FFRPRAO2 | FFRPRAO3 | FFRPRAO4 | FFRPRAOS | FFRPRAO6
12. Intake Manifold Pressure, kPa abs. Record IMP_RAQT | IMP RAO2 | IMP RAO3| IMP RAO4 | IMP RAO5| IMP RAO6
13. Engine Oil Pressure, kPa Record EOP RAO1 | EOP RAO2 | EOP RAO3 | EOP RAO4 | EOP RAOS | EOP RAQ6
14. Coolant Flow, L/min 130 £ 4 | ¢cF RAO1| CF_RAO2| CF _RA03| CF _RAO04| CF RA05| CF_RAO6
15. Intake Air Humidity, g/kg 11.4 + 0.8 | JAH RAO7 | IAH RAOZ | IAH RAO3| IAH RAO4 | IAH RAOS | IAH RAQS

A Difference between the maximum stage average reading of the entire test and the individual stage average readings
FIG. A7.8 General Parameter Summary — BC Oil After Test Oll

65




A D 6202 — 02
“afl

SEQUENCE VIA
FORM 8
CRITICAL PARAMETER SUMMARY - STAGE 1
Lab: LAB Date Completed: RDTCOMP/DTCOMP Time Completed: RECTTIME/EOTTIME
Test Number
Test Stand: > " | Runs On The Stand: *TRYVSTAUY Engine No.: RENGNO/ENGNO Runs on Engine: RENRUNENRUN
Qil Code: CMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes ALTCODET? ALTCODEZ2 ALTCODE3
BC Before Test Qil
_ . Fuel AFR Delta AFRA
Speed Load Qil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min Nm Temp. °C| Temp, °C| Temp, °C Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh {800 + 2|26 + .07 105+ 1| 95 + 1 27 = 2 20 + 2 104 = .17 | Record
1 BFC_RB11 | RPM_RB11| LD RBIT OGT RB11 CINTRB11| IAT_AB11 | FRT_RB11
2 BFC RB12 | RPM_RB12 | LD_RB12 OGT_RB12 CINTRR12| IAT_RB12 FRT_RB12
3 BFC_RB13 | RPM_RB13| LD_RBI13 OGT_RB13 CINTRB13| IAT_RB13 | FRT RB13
4 BFC_RB14 | RPM_RB14 | LD_RB14 OGT_RB14 CINTRB14| IAT_RB14 | FRT_RB14
5 BFC RB15 | RPM RB15 | LD_RBI1S OGT RB15 CINTRB15| IAT_RB15 | FRT_RB15
8 BFC RB16 | RPM RB16| LD RB16 | OGT RB16| CINTRB16| IAT_RBI6 | FRT RB16
AVG. BFCARBIA | RPM_RBIA| LD_RBIA OGT_RBIA|  CINTRBIA| IAT_RB1A | FRT_ARBIA
CN BFCCRBIA |
Test Qil
Fuel AFR Delta AFRA
Speed Load Qil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|Temp, °C| Temp, ° Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh | 800 + 2|26 + .07|105 + 1| 95 £ 1 27 + 2 20 = 2 104 =+ .17| Record
1 BFC RC11 | ARPM RC11| (D_RC11 | OGT_RC11 | CINTRC11 JAT RC11 | FRT_RC11
2 BrC RC12 | RPM RC12| LD_RC12 | OGT_RC12| CINTRC12 IAT RC12 | FRT.RC12
3 BFC RC13 | RPM_RC13| (D_RC13 | OGT_RC13| CINTRC13 IAT RC13 | FRT RC13
4 BFC RC14 | RPM RC14| LD RCI4 | OGT RCT14 | CINTRC14 IAT_RC14 | FRT RC14
5 BFC_RC15 | RPM_RCT5| LD_RCI15 | OGT RCI5 | CINTRCIS IAT_RC15 | FRT_RC15
6 BFC_RC16 | RPM_RC16| LD_RCI6 | OGT_RCI6| CINTRCI6 IAT_RC16 | FRT_RC16
AVG. BFCARC1A LD _RC1A | OGT.RCIA| CINTRCIA IAT_RC1A | FRT_RC1A
C.V. BFCCRCTA
BC After Test Oi
Fuel AFR Delta AFRA
Speed Load Oil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C| Temp, °C| Temp, °C Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh {800 = 2|26 £ .07 105+ 1| 95 + 1 27 + 2 20 + 2 104 + .17| Record
1 BFC RAT1 | RPM _RATI LD_RATT OGT_RAI11| CINTRA11 IAT_RATT FRT RAT1 EBP_RATT
2 BFC_RAT2 | RPM_RAT2 LD_RAT2 OGT RAT2| CINTRA12 | IAT RA12 FRT_RAT2 EBP RAT12
3 BFC_RA13 | RPM_RA13 | LD _RAI3 | OGT RAI3| CINTRA13 | IAT_RA13 FRT_RAT3 EBP RAT3
4 BFC_RA14 | RPM_RAT4 | LD_RAI4 | OGT_RA14| CINTRAT4 | IAT_RAT4 FRT_RA14 EBP_RA14
5 BFC_RA15 | RPM_RAT5 | LD_RAIS OGT RA15| CINTRA1S | JIAT_RAIS FRT_RA1S EBP RATS
6 BFC RA16 | RPM_RA16 | LD_RAIE OGT_RA16| CINTRAT6 IAT RATE FRT RA16 EBP_RA16
AVG. BFCARAIA | RPM RAIA| LD_RATA | OGT RA1A| CINTRA1A | IAT_RATA FRT_RATA EBP RATA
5D — e -
C.V. BFCCRATA I

ADifference between the maximum stage average reading of the entire test and the individual stage average readings.
FIG. A7.9 Critical Parameter Summary — Stage 1
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SEQUENCE VIA

FORM 9

CRITICAL PARAMETER SUMMARY - STAGE 2

Lab: LAB Date Completed: RDTCOMP/DTCOMP Time Completed: RECTTIME/EOTTIME
Test Number
Test Stand: STAND Runs On The Stand: RSTRUN/STRUN Engine No.: RENGNO/ENGNO Runs on Engine: RENRUN/ENRUN
Qil Code: CMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes| ALTCODE? ALTCODE2 ALTCODE3
BC Before Test Qil
) Fuel AFR Delta AFRA
Speed Load |OQil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|Temp, °C| Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh |800 + 2 (26 + .07 70 = 1 60 + 1 27 + 2 20 = 2 104 + .17| Record
1 BFC_RB21 | RPM_RB21 | (D _RB271 OGT_AB21| CINTRB21 | IAT_RB21 FRT_RB21
2 BFC_RB22 RPM_RB22 LD_RB22 OGT_RB22| CINTRB22 | IAT_RB22 FRT_RB22
3 BFC_RB23 | RPM_RB23 | LD_RB23 OGT_RB23| CINTRB23 | I1AT_RB23 FRT_RB23
4 BFC RB24 | RPM_RB24 | ID_RB24 OGT_RB24| CINTRB24 | IAT_RB24 FRT_RB24
5 BFC_RB25 | RPM_RB25 | (D_RB25 OGT_RB25| CINTRB25 | IAT_RB25 FRT_RB25
6 BFC RB26 | RPM_RB26 | (D _RB26 OGT_RB26| CINTRB26 | IAT RB26 FRT_RB26
AVG. BFCARB2A | RPM _RB2A | 1D RB2A OGT_RB2A| CINTRB2A | IAT RB2A FRT_RB2A
SD
C.V. BFCCRB2A
Test Oil
Fuel AFR Delta AFR”
Speed Load |Qil Gallery| Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|Temp, °C|Temp, °C{ Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh |800 + 2 |26 + .07 | 70 + 1 60 + 1 27 + 2 20 + 2 104 + .17 | Record
1 BFC_RC21 RPM_RC21| LD_RC21 | OGT_RC21| CINTRC21 | IAT_RC21 FRT_RC21
2 BFC_RC22 RPM_RC22| LD_RC22 OGT_RC22| CINTRC22 | IAT_RC22 FRT RC22
3 BFC RC23 | RPM_RC23| LD_RC23 | OGT_RC23| CINTRC23 | IAT RC23 FRT_RC23
4 BFC_RC24 RPM_RC24| LD_RC24 OGT ARC24| CINTRC24 | IAT_RC24 FRT_RC24
5 BFC_RC25 RPM_RC25| LD _RC25 OGT_RC25| CINTRC25 | IAT_RC25 FRT_RC25
6 BFC RC26 RPM_RC26| LD_RC26 OGT_RC26| CINTRC26 | /AT_RC26 FRT_RC26
AVG. BFCARC2A| RPM_RC24 LD_RC2A | OGT_RC2A| CINTRC2A | IAT_RC2A FRT_RC2A
D oo
C.V. BFCCRC2A

BC After Test Qil

Fuel AFR Delta AFRA
Speed Load Qil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow

Step BSFC r/min N m Temp. °C|Temp, °C| Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh |800 + 2 (26 + .07| 70 = 1 60 + 1 27 + 2 20 + 2 104 =+ .17| Record -

1 BFC RA21 | RPM RA21| LD_RA27 OGT_ARA21| CINTRA21 | IAT RA21 | FRT_RA21 EBP RA21

2 BFC_RA22 | RPM_RA22 | LD_RA22 OGT RA22| CINTRA22 | IAT RA22 | FRT RA22 EBP RA22

3 BFC RA23 | RPM RA23| LtD_RA23 OGT RA23| CINTRA23 | AT RA23 | FRT RA23 EBP RA23

4 BFC RA24 | RPM RA24| LD RA24 OGT RA24| CINTRA24 | JAT RA24 | FRT RA24 EBP RA24

5 BFC_RA25 | APM_RA25| LD_RA25 OGT_RA25| CINTRA25 | IAT_RA25 | FRT_RA2S EBP RA25

6 BFC_RA26 | HPM_RA26 | LD_RA26 OGT_RAZ6| CINTRA26 | IAT_RA26 | FRT_RAZE EBP_RA26
AVG. BFCARA2A | RPM_RA2A| LD _RA2A OGT_RA2A| CINTRA2A | IAT_RA2A | FRT_RA2A EBP_RA2A

SD =
C.V. BFCCRA2A

Difference between the maximum stage average reading of the entire test and the individual stage average readings

FIG. A7.10 Critical Parameter Summary — Stage 2
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SEQUENCE VIA
FORM 10
CRITICAL PARAMETER SUMMARY - STAGE 3

Lab: LAB Date Completed: RDTCOMP/DTCOMP Time Completed: fEOTTIME/EGTTIME
Test Number
D
Test Stand: Runs On The Stand: "> " MSTRUN Engine No.: RENGNO/ENGNG Runs on Engine: RENRUN/ENRUN
Qil Code: CMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes ALTCODET ALTCODE2 ALTCODE3
BC Before Test Oil
i ) ] Fuel AFR Delta AFRP
Speed Load |Qil Gallery|Coolant InjIntake Air Fuel Rail EBP Flow
Step BSFC r/min Nm Temp. °C|Temp, °C| Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kW h [1500 + 2|37 = .07] 70 = 1 60 + 1 27 £ 2 20 + 2 104 + .17 Record
1 BFC_RB31 RPM _RB31{ LD_RB31 OGT_RB31| CINTRB31 | JAT_RB31 FRT_RB31
2 BFC RB32 | RPM_RB32| LD_RB32 | OGT RB32| CINTRB32 | IAT_RB32 FRT_RB32
3 BFC_RB33 RPM_RB33| LD_RB33 OGT_RB33| CINTRB33 | /AT_RB33 FRT_RB33
4 BFC_RB34 RPM_RB34| LD__AB34 OGT_RB34| CINTRB34 | IAT_RB34 FRT_RB34
5 BFC_RB35 RPM RB35| LD__RB35 OGT _RB35| CINTRB35 | IAT _RB35 FRT_RB35
6 BFC_RB36 RPM_RB36| LD_RB36 OGT RB36| CINTRB36 | IAT_RB36 FRT RB36
AVG. BFCARB3A RPM RB34A| LD_RB3A OGT_RB3A} CINTRB3A IAT_RB3A FRT RB3A
a0 T -
C.V. BFCCRB3A |
Test Qil
Fuel AFR Delta AFRA
Speed Load |Qil GalleryCoolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|{Temp, °C| Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh (1500 + 2|37 + .07 70 =1 | 60 £ 1 | 27 + 2 20 + 2 104 + .17 Record
1 BFC_RC31 RPM_RC31| LD_RC31 OGT_RC31| CINTRC31 | IAT_RC31 FRT_RC31
2 BFC_RC32 | RPM_RC32| LD_RC32 | OGT_RC32| CINTRC32 | 1AT_RC32 FRT_RC32
3 BFC_RC33 | RPM_RC33| LD_RC33 OGT_RC33| CINTRC33 | IAT_RC33 FRT_RC33
4 BrC AC34 | RPM RC34] LD _RC34 | 90T FC3T 1 tinvtrecad | 1T RC34 | FRT RC34
5 BFC_RC35 | RPM_RC35| [D_RC35 | OGT_RC35| CINTRC35 | IAT_RC35 FRT_RC35
6 BFC_RC36 | RPM_RC36| LD_RC36 OGT_RC36| CINTRC36 | IAT_RC36 FRT_RC36
AVG. BFCARC3A| RPM_RC3A LD_RC3A | OGT_RC3A| CINTRC3A | IAT_RC3A FRT_RC3A
v e -
C.V. BFCCRC3A |

BC After Test Qil

Fuel AFR Delta AFRA
Speed Load Qil Gallery| Coolant In{Intake Air Fuel Rait EBP Flow

Step BSFC r/min N m Temp. °C|{Temp, °C| Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh [1500 + 2|37 + .07 70 £ 1 | 60 = 1 27 + 2 20 = 2 104 + .17| Record

1 BFC_RA31 RPM_RA31| LD RA31 | OGT_RA31| CINTRA31 | 1AT RA3T FRT_RA31 £BP_RA31

2 RFC_RA32 | RPM_RA32| LD_RA32 | OGT_RA32| CINTRA32 | IAT_RA32 FRT RA32 EBP_RA32

3 BFC_RA33 RPM_RA3J] LD__RA33 OGT_RA33 CINTRA33 IAT_RA33 FRT_RA33 EBP RA33

4 BFC_RA34 RPM_RA34| LD_RA34 | OGT RA34| CINTRA34 | IAT_RA34 FRT_RA34 EBP_RA34

5 BFC RA35 | RPM RA35| (D_RA35 | OGT RA35| CINTRA35 | IAT_RA35 FRT_RA35 £BP_RA3S

6 BFC RA36 | RPM_RA36] LD_RA36 | OGT_RA36| CINTRA36 | 14T RA36 FRT_RA36 £BP RA36
AVG. BFCARA3A RPM RA3. LD _RA3A OGT RA3A CINTRA3A IAT RA3A FRT _RA3A EBP_RA3A

o e
C.V. BFCCRASA |

A

Difference between the maximum stage average reading of the entire test and the individual stage average readings

FIG. A7.11 Critical Parameter Summary — Stage 3
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SEQUENCE VIA

FORM 11
CRITICAL PARAMETER SUMMARY - STAGE 4
Lab: lAB Date Completed: RDTCOMP/DTCOMP Time Completed: FEOTTIME/EOTTIME
Test Number
RSTRUN/STRUN . .
Test Stand: STAND Runs On The Stand: s 4 Engine No.: RENGNO/ENGNO Runs on Engine: RENRUN/ENRUN
Oil Code: CMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes ALTCODE1? ALTCODE2 ALTCODE3
BC Before Test Oil
. Fuel AFR
Speed Load Qil Gallery|Coolant In{Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|Temp, °C| Temp, °C| Temp, °C kPa kg/h 14.25-15.25
SPEC | kg/kW h |1500 = 2|98 + 07| 70 £+ 1 60 + 1 27 + 2 20 + 2 104 = 17 Record
1 BFC_RB41 RPM RB41| LD_RB41 | OGT_RB41| CINTRB41 | IAT RB41 FRT_RB41
2 BFC RB42 | RPM_RB42| 1D _RB42 | OGT_RB42| CINTRB42 | IAT RB42 FRT_RB42
3 BFC RB43 | RPM_RB43| (D_RB43 | OGT_RB43| CINTRB43 | IAT_RB43 | FRT_RB43
4 BFC RB44 RPM RR44| LD_RB44 | OGT_RB44 | CINTRB44 | IAT RB44 FRT_RB44
5 BFC_RB45 | RPM _RB45| LD_RB45 | OGT RB45 | CINTRB45 | IAT_RB45 | FRT RB45
6 BFC RB46 | RPM RB46| LD_RB46 | OGT_RB46| CINTRB46 | IAT RB46 | FRT RB46
AVG. DBFCARB4A | RPM RB44| 1D RB4A | OGT RB4A| CINTRB4A | IAT RB4A | FRT RB4A
SD
C.V. BFCCRB4A
Test Oil
. Fuel AFR
Speed Load [Qil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|Temp, °C|Temp, °C| Temp, °C kPa kg/h 14.25-15.25
SPEC | kg/kWh |1500 + 2(98 + .07 70+ 1 | 60 = 1 | 27 = 2 20 + 2 104 = .17| Record
1 BFC RC41 | RPM_RC41| LD_RC41 | OGT_RC41| CINTRC41 | IAT_RC41 | FRT_RC41
2 BFC Rc42 | RPm_RCc42| 1D_RC42 | OGT RC42| CINTRC42 | IAT_RC42 | FRT RC42
3 BFC RC43 | RPM RCa3| LD_RCc43 | OGT_RC43| CINTRC43 | IAT_RC43 | FRT RC43
a4 8FC RC44 | RPM RC44| 1D _RC44 | OGT RC44| CINTRC44 | JAT_RC44 | FRT RC44
5 BFC_RC45 { RPM_RC45| LD_RC45 | OGT RC45| CINTRC45 | IAT_RC45 | FRT RC45
6 BFC_RC46 | RPM _RC46] LD_RC46 | OGT RC46| CINTRC46 | IAT_RC46 | FRT_RC46
AVG. BFCARC4A| RPM RC44 1D _RC4A | OGT RC4A| CINTRC4A| IAT_RC4A | FRT_RC4A
C.V. BFCCRC4A
BC After Test Qil
Fuel AFR
Speed Load |Qil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|Temp, °C| Temp, °C Temp, °C kPa kg/h 14.25-15.25
SPEC | kg/kWh [1500 + 2|98 = .07| 70 =1 | 60 £ 1 | 27 + 2 20 £ 2 104 + .17| Record
1 BFC RA41 | RPM_RA41| LD_RA41 | OGT_RA41| CINTRA41 | IAT_RA41 | FRT RA41 FBP_RA41
2 BFC_RA42 | RPM _RA42| LD_RA42 | OGT RA42| CINTRA42 | IAT_RA42 | FRT RA42 EBP_RA42
3 BFC RA43 | RPM RA43| [D_RA43 | OGT_RA43| CINTRA43 | IAT_RA43 | FRT_RA43 EBP_RA43
4 BFC_RA44 | RPM RA44| LD_RA44 | OGT_RA44| CINTRA44 | IAT_RA44 | FRT RA44 EBP_RA44
5 BFC RA45 | RPM RA45| LD_RA45 | OGT RA45| CINTRA45 | IAT RA45 | FRT_RA45 EBP_RA45
6 BFC RA46 | RPM RA46| LD_RA46 | OGT_RA46| CINTRA46 | IAT_RA46 | FRT RA46 EBP_RA46
AVG. BFCARA4A| RPM RA4A LD_RA4A | OGT RA4A| CINTRA4A | IAT RA4A | FRT RA4A EBP_RA4A
SD
C.v. BFCCRA4A
A

Difference between the maximum stage average reading of the entire test and the individual stage average readings

FIG. A7.12 Critical Parameter Summary — Stage 4
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SEQUENCE VIA

FORM 12
CRITICAL PARAMETER SUMMARY - STAGE 5
Lab: LAB Date Completed: ADTCOMP/DTCOMP Time Completed: AECTTIME/EOTTIME
Test Number
Test Stand: STAND Runs On The Stand: RSTRUN/STRUN Engine No.: RENGNO/ENGNO Runs on Engine: RENRUN/ENRUN
Oil Code: CMIR/OILCODE
Formulation/Stand Code: FOAM
Alternate Codes ALTCODE1 ALTCODE2 ALTCODE3
BC Before Test Oil
Fuel AFR Delta AFRA
Speed Load |[Qil Gallery{Coolant In|intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|{Temp, °C|Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh |1500 + 2/98 + .07| 45+ 1 | 45 1 | 27 = 2 20 + 2 104 + .17| Record
1 BFC RB51 RPM _RB51} LD_RB51 OGT RB51 CINTRB5 1 IAT_RB51 FAT_ABS1
2 BFC RB52 | RPM_RB52| LD_RB52 | OGT RBS2 | CINTRB52 | IAT_RB52 FRT_RB52
3 BFC_RB53 | RPM_ABS53| LD_RB53 | OGT_RB53 | CINTRB53 | IAT RB5S3 FRT_RB53
4 BFC_RBS54 RPM_RB54| LD_RB54 | OGT RB54 | CINTRBS54 | IAT_RB54 FRT_RB54
5 BFC RB55 | RPM_RBSS| LD_RBS55 | OGT_RB55 | CINTRB55 | IAT_RB55 FRT_RB55
6 BFC RB56 | RPM_RBS6| LD_RB56 | OGT_AB56 | CINTRBS6 | IAT_RB56 FRT_RB56
AVG. BFCARBSA | RPM RB5A| LD _RBSA | OGT RBSA | CINTRBSA | IAT RB5A FRT_RBSA
e . s
C.V. BFCCRBSA
Test Oil
) Fuel AFR Delta AFRA
Speed Load |Qil Gallery|Coolant InjIntake Air Fuel Rail EBP Flow
Step BSFC r/min Nm Temp. °C|Temp, °C|Temp, °C}| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kW h {1500 = 2{98 + 07| 45+ 1 | 45+ 1 | 27 + 2 20 + 2 104 + .17| Record
1 BFC_RC51 RPM_RC51] LD_RCS5? OGT RC571 | CINTRC51 | IAT_RC51 FRT RC51
2 BFC RC52 | RPM RC52| LD_RC52 | OGT_RC52 | CINTRC52 | /AT RCS2 FRT_RC52
3 BFC_RC53 RPM _RC53| LD_RC53 | 0GT_RC53 | CINTRC53 | JAT_RCS3 FRT_RC53
4 BFC RC54 RPM_RCE4| LD_RC54 OGT RC54 | CINTRC54 | (AT _RC54 FRT_RC54
5 BFC_RC55 RPM_RC55| LD__RC55 | OGT RC55 | CINTRCS55 | IAT_RCES FRT_RC55
6 BFC RC56 RPM_RC56| LD _RC56 | OGT_RC56 | CINTRC56 | JAT_RC56 FRT_RCS6
AVG. BFCARCS5A| RPM_RC54 LD_RC5A OGT ACBA | CINTRC5A | IAT_RC5A FRT_RC5A
SD
C.V. BFCCRC5A
BC After Test Qil
Fuel AFR Delta AFRA
Speed Load |Qil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|Temp, °C| Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .b0
SPEC | kg/kWh [1500 + 2{98 + .07 45+ 1 | 45 =1 | 27 = 2 20 = 2 104 + .17| Record
1 BFC_RAST RPM_RA51) LD__RAST OGT_RAST CINTRAST | IAT_RAS51 FRT RAST EBP_RAS51
2 BFC_RA52 | RPM_RA52| LD RAS2 | OGT_RA52 | CINTRA52 | IAT_RAS2 FRT_RA52 £BP RAS52
3 BFC RA53 | RPM RAS3| LD_RAS3 | OGT_RA53 | CINTRA53 | IAT_RA53 FRT_RA53 EBP_RA53
4 BFC_RA54 | RPM _RAS4| LD RAS54 | OGT_RAS4 | CINTRA54 | IAT_RAS4 FRT_RA54 EBP_RA54
5 BFC_RAS55 | RPM_RA55| LD_RA55 | OGT_RA55 | CINTRAS5 | IAT_RAS5 FRT_RAS55 EBP_RAS5
6 BFC_RAS6 | RPM_RA56| LD_RA56 | OGT_RAS6 | CINTRA56 | IAT_RA56 FRT_RA56 EBP_RA56
AVG. BFCARASA| RPM_RASA LD_RASA | OGT_RA5A | CINTRASA | IAT_RASA FRT _RASA EBP_RASA
SD
c.v BFCCRASA
A

Difference between the maximum stage average reading of the entire test and the individual stage average readings

FIG. A7.13 Critical Parameter Summary — Stage 5
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SEQUENCE VIA
FORM 13
CRITICAL PARAMETER SUMMARY - STAGE 6

Lab: LAB Date Completed: RDTCOMF/DTCOMP Time Completed: AEOTTIME/EOTTIME
Test Number
RSTRUN/STRUN . .
Test Stand:  ° ™ |Runs On The Stand: 4 Engine No.: RENGNO/ENGNO Runs on Engine: RENRUN/ENRUN
Oil Code: CMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes ALTCODET ALTCODE2 ALTCODE3
BC Before Test Qil
_ _ _ Fuel AFR Delta AFRA
Speed Load Qil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|Temp, °C|Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh (800 + 2|26 + .07 45 + 1 45 + 1 27 + 2 20 + 2 104 + 17 Record
1 BFC_RB61 RPM_RB61| tD_RB6T OGT_RB61| CINTRB61 | IAT RB61 FRT_RB61
2 BFC_RB62 | RPM_RB62| LD_RB62 OGT_ARB62| CINTRB62 | IAT_RBE2 FRT RBE2
3 BFC_RB63 | RPM _RB63| LD_RB63 0GT RB63| CINTRB63 | I1AT_RB63 FRT RBE3
4 BFC_RB64 | RPM_RB64| LD__RB64 OGT RB64| CINTRB64 | IAT_RB64 FRT_RB64
5 BFC RB65 RPM_RB65| LD_RB65 OGT_RB65| CINTRB65 | IAT_RB65 FRT_RB65
6 BFC_RB66 | RPM_RB66| LD_RB66 OGT _RB66| CINTRB66 | IAT_RB66 FRT_RB66
AVG. BFCARB6A | RPM RB6A| LD_RB6A OGT RB6A| CINTRBEA | AT _RB6A FRT_RB6A
SD :
C.V. BFCCRB6A
Test Oil
Fuel AFR Delta AFRA
Speed Load Oil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|Temp, °C| Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh [800 + 2|26 + .07 | 45 + 1 45 + 1 27 + 2 20 + 2 104 + 17 Record
1 BFC_RC67 | APM_RC61] LD_RC61 OGT_RC61| CINTRCE1 | IAT_RC61 FRT_RC67
2 BFC RC62 | RPM_RC62| LD__RC62 OGT_RC62| CINTRC62 | IAT_RC62 FRT RC62
3 BFC RC63 | RPM_RC63| LD_RC63 OGT RC63 CINTRC63 | IAT_RC63 | FRT_RC6E3
4 BFC_RC64 | RPM_RC64| LD_RCE4 OGT RC64] CINTRC64 | IAT_RC64 | FRT RC64
5 BFC_RC65 | RPM_RC65| LD_RC65 OGT_RC65 CINTRC65 | IAT_RC65 | FRT_RC65
6 BFC RC66 | RPM_RC66| LD_RC66 OGT_ARC66] CINTRC66 | IAT_RC66 | FRT_RC66
AVG. BFCARC6A| RPM_RC6A LD_RC6A OGT RC64 CINTRC6A | IAT_RC6A | FRT_RC6A
SD
C.V. BFCCRCEA

BC After Test Qil

Fuel AFR Delta AFRA
Speed Load Oil Gallery| Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC r/min N m Temp. °C|{Temp, °C| Temp, °C| Temp, °C kPa kg/h 14.25-15.25 < .50
SPEC | kg/kWh [800 + 2 (26 = .07 | 45 + 1 45 + 1 27 + 2 20 + 2 104 + .17| Record
1 BFC_RA61 RPM RA61| LD_RA61 | OGT RA61| CINTRA61 | IAT_RA67 FRT_RA61 EBP_RAET
9 BFC RA62 | RPM RA62| LD RA62 | OGT_RA62| CciNTRA62 | 1AT_RA62 FRT_RA62 EBP_RA62
3 BFC RA63 | RPM RA63| LD_RAS3 | 0GT_RA63| CINTRA63 | IAT_RA63 FRT_RA63 EBP_RA63
4 BFC_RA64 RPM_RAG4| LD_RA64 | OGT_RA64| CINTRA64 | IAT_RA64 FRT_RA64 £BP RA64
5 BFC_RAE5 RPM RA65| LD_RA65 | OGT RA65| CINTRA65 | IAT_RA65 FRT_RABS £BP_RA6S
6 BFC_RAG6 RPM_RA66| LD_RA66 | OGT_RA66| CINTRAG6 | IAT_RA66 FRT_RA66 EBP_RAG6
AVG. BFCARAGA| RPM RAG4A LD_RABA | OGT RABA| CINTRABA | IAT RAGA FRT RA6A EBP_RABA
SD : :
C.V. BFCCRAGA
A

Difference between the maximum stage average reading of the entire test and the individual stage average readings

FIG. A7.14 Critical Parameter Summary — Stage 6
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SEQUENCE VIA
FORM 14
SUPPLEMENTAL OPERATIONAL AND MAINTENANCE RECORD

Lab: LAB Date Completed: RDTCOMP/DTCOMP Time Completed: REOTTIME/EOTTIME

Test Number

STAND RSTRUN/STRUN . . RENRUN/ENRUN
Test Stand: Runs On The Stand: Engine No.: RENGNO/ENGNO Runs on Engine:

Oil Code: CMIR/OILCODE

Formuiation/Stand Code: FORM

Alternate Codes ALTCODET ALTCODE2 ALTCODE3

Downtime Occurrences

Test Hours Date Downtime Reasons

Total Downtime

Total Number of Comments & Outlier Lines

FIG. A7.15 Supplemental Operational and Maintenance Record
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A8. CONTROL CHART TECHNIQUE FOR A STAND/ENGINE’S SEVERITY ADJUSTMENT (SA)

A8.1 An EWMA technique is applied to standardized non-reference results. The following example illustrates the
calibration test FEI results. The targets and standard deviatiorapplication of Eq A8.1 for determining the application of FEI
for current reference oils are published by the ASTM TMC. SA.

A8.2 Include all operationally valid reference tests in the Z, = 1.567and Y, = 1.571 (A8.2)
stand control chart. Chart tests in order of completion date and EWMA = 0.30(1.571 + 0.70(1.567 = 1.568
time. A minimum of three operationally valid calibration tests ] ]
are required to initialize a control chart. Calculate EWMA A8.3 Since || 1.568 || > 0.000, an SA shall be applied.
values using Eq A8.1. l\(l}ulngly 1.568 bil/l(/)v},i ;hls v_ﬁlue (0.;5) V\I/as determined bﬁ/
the Sequence urveillance Panel to represent the
Z =0.30(Y) +0.70(Z-) (A8.1) pooled standard deviation of the Sequence VIA oils. Multiply

where this value by —1 and round to two places after the decimal.
Z, = Median Y, of the first three operationally valid tests, Record this value on the test summary of the test report in the
Y, = standardized test result, and space for FEI applied SA. Add this value to the non-reference
Z; = EWMA of the standardized test result at test orider result. Enter this number in the FEI final result space on the test

summary page of the test report. An SA will remain in effect
If absolute value of the EWMA, rounded to three places aftemuntil the next reference test. At that time, calculate a new
the decimal, exceeds 0.000, then apply an SA to subsequeBWMA.

A9. STATISTICAL EQUATIONS FOR MEAN AND STANDARD DEVIATION

A9.1 See Eq A9.1 and A9.2. n
n 21 [(Yi—Zi) —mearf?
mean= %21 [Yi(standard — Zi(reading] (A9.1) standard deviatior: of (A9.2)
where:
n = total number of data pairs, and

df = degrees of freedom = n-1.

A10. FUEL INJECTOR EVALUATION

A10.1 Fuel Injector Test Rig-A suitable device capable of  A10.2.4 Place the injector(s) in the test rig and turn the test
accurate, repeatable flow measurement of port fuel injectors iguid on. Verify the flow of test fluid through the injector(s).
required. This device shall be capable of performing necessaiMaintain the test fluid pressure supplied to the injector(s) at
port fuel injector evaluations as outlined in A10.2. Since no290 = 3.4 kPa during the entire test. The maintenance of this
suitable commercially available apparatus has been identifiegressure is critical as a small change in pressure will have a
design of the test rig is up to the laboratory. Flow test thedramatic effect on the flow rate and spray pattern. Once
injectors, using Stoddard solvent as the test fluid. pressure is set, zero the volume measuring device.

) ) o ) A10.2.5 Flow-test each injector for a 60 s period. While the

A10.2 Fuel Injectors—Prior to engine installation, evaluate injector is flowing, make a visual observation of the spray

all injectors (new and used) for spray pattern and flow-ratepattern quality. The spray pattern should be typical for the

using the test rig in A10.1. Injectors may be cleaned and reusegiake and model of the injector.

if the criteria outlined in this procedure are satisfied. A10.2.6 The acceptable total flow for each injector after the
A10.2.1 Perform a visual inspection of each injector t060 s test shall be 188 to 198 mL at 2903.4 kPa of test fluid

ensure that each injector has been cleaned of all oily depositpressure. Discard any injector that flows above or below this
A10.2.2 Check the injector O-ring for cracking or tearing range.

and replace as required. A10.2.7 At completion of the 60 s period, close the injector
A10.2.3 Flush new injectors for 30 s to remove any assemand maintain the test fluid pressure for a minimum of 30 s.
bly residue before flow testing. Discard any injector that leaks or drips.
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All. PRE-TEST MAINTENANCE CHECKLIST

A11.1 A checklist for pre-test maintenance is shown in
Table A11.1.

TABLE Al1l.1 Pre-test Maintenance Checklist

) ) Prior to Each APrior to Each
Required Maintenance Test Start Reference Start As Noted

Replace spark plugs X
Service racor filtors XB

Verify injector flows X
Clean/recondition throttle body

Clean coolant heat exchanger

Clean/flush oil heat exchanger

Replace fuel filters X
Inspect/service driveline X
Rotate dyno trunion bearings

Clean/replace EBP probe

AOnly required on initial reference in a series.
BNot required on tests run in a string.

SWith installation of new engine.

PAs required by normal laboratory practice.
EEvery six months.

APPENDIXES
(Nonmandatory Information)

X1. PROCUREMENT OF TEST MATERIALS

X1.1 Throughout the test method, references are made to Carrollton, TX 75011-0979
necessary hardware, reagents, materials, and apparatus. IX1.1.4 Dynamometer- A Midwest Model 758 (50 HP) dry
many cases, for the sake of uniformity and ease of acquisitioryap dynamometer may be ordered from:
certain suppliers are named. If substitutions are deemed appro-Midwest Dynamometer Engineering Co.
priate for the specified suppliers, permission in writing must be 3100 River Rd.
obtained from the TMC before such will be considered to be River Grove, IL 60171
equivalent. The following entries for this appendix represent a X1.1.5 Dynamometer Load Cel-The recommended load
consolidated listing of the ordering information necessary taell is a Lebow Model 3397, which may be ordered from:
complete the references found in the text. Eaton Corp.

X1.1.1 General Communications Concerning Sequence VIA Lebow Products
Reference Tests, Procedural Questions, and Non-Referencel728 Maplelawn Rd.

Tests: P.O. Box 1089
ASTM Test Monitoring Center Troy, MI 48099
Attention: Administrator X1.1.6 Cooling System Pressure Gay\ satisfactory cool-
6555 Penn Ave. ant system pressure cap (Stant, R-28, 7 psi, normally closed
Pittsburgh, PA 15206-4489 cap) is available through local distributors.
Telephone: (412) 365-1005 X1.1.7 Cooling System Pump (P-BThe specified cooling
X1.1.2 Reference Oils and Calibration Oi#lsReference system pump may be obtained from:

oils and calibration oils may be purchased by contacting: Gould Pumps, Inc.
ASTM Test Monitoring Center 240 Fall st.
Attention: Operations Manager Seneca Falls, NY 13148
6555 Penn Ave. X1.1.8 Coolant Heat Exchanger (HX-HITT (Model 320-
Pittsburgh, PA 15206-4489 20) or Bell and Gossett (BP 75H-20 or BP 420-20):
Telephone: (412) 365-1010 ITT Standard Bell and Gossett ITT
X1.1.3 Test Engines- Sequence VIA engines, Part No. 175 Standard Pkwy. 8200 N. Austin Ave.

R2G-800-XB (AOD-E)Z Buffalo, NY 14227 Morton Grove, IL 60053
AER X1.1.9 Coolant Orifice Plate (Differential Pressure)
1605 Surveyor Blvd. Daniel Flow Products, Inc.
P.O. Box 979 Flow Measurement Products Division
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P.O. Box 19097

Houston, TX 77224

X1.1.10 Coolant Control Valves (TCV-104, FCV-103 and
TCV-101)

Badger Meter, Inc.

P.O. Box 581390

Tulsa, OK 74158

X1.1.11 Differential Pressure Transducer (DPT-HThe
recommended transducer is a Viatran Model 274 or Model 374,
Validyne Model DP15, and Rosemount Model 1151, which
may be ordered from:

Viatran Corp.

300 Industrial Dr.

Grand Island, NY 14072

Validyne Engineering Corp.
8626 Wilbur Ave.
Northridge, CA 91324

Rosemount Inc.

4001 Greenbriar Street 150B

Straford, Texas 77477

X1.1.12 Water Pump Plate-The water pump may be modi-

X1.1.19 Electric Oil Heater Housing (EH-5)

Labeco

156 East Harrison St.

Mooresville, IN 46158

X1.1.20 Oil Filter Housing Assembly and Filters (Screen)

(FIL-2):

RACOR

P.O. Box 3108

Modesto, CA 95353

or

OH Technologies Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.21 Modified Oil Filter Adapter Assemhly
OH Technologies, Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.22 External Oil System Hose and Quick Disconnect

Fittings—Aeroquip products are available through local dis-
tributors or:

Aeroquip Corp.

fied by the laboratory, a water pump plate may be fabricated by |,qustrial Div.

the laboratory, or a water pump plate may be purchased from:

OHT Technologies, Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.13 Oil Scavenge Pump (P-3)

Houdaille Industries, Inc.

Viking Pump Div.

George and Wyeth St.

Cedar Falls, 1A 50613

X1.1.14 Float Switch (FLS-136 and FLS-152)

Imo Industries Inc.

Gems Sensor Div.

1 Cowles Rd.

Plainville, CT 06062-1198

X1.1.15 Oil Circulation Pump (P-4)

Houdaille Industries, Inc.

Viking Pump Div.

George and Wyeth St.

Cedar Falls, IA 50613

X1.1.16 External Oil System Solenoid Valves (FCV-150A,
FCV-150C, FCV-150D, FCV-150E and FCV-150F)

Burkert Contromatic Corp.

1091 N. Batavia St.

Orange, CA 92667

X1.1.17 External Oil System Control Valves (TCV-144 and
TCV-145)

Badger Meter, Inc.

P.O. Box 581390

Tulsa, OK 74158

X1.1.18 Oil Heat Exchanger (HX-6}-ITT (Model 310-20)
or Bell and Gossett (Model BP 25-20 or BP 410-020):

ITT Standard Bell and Gossett ITT
175 Standard Pkwy. 8200 N. Austin Ave.
Buffalo, NY 14227 Morton Grove, IL 60053

75

1225 W. Main St.
Van Wert, OH 45891
X1.1.23 Modified Oil Pan and Modified Oil Pick-Up

Tube—The oil pan and the oil pick-up tube may be modified by
the laboratory or may be purchased from:

OH Technologies, Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.24 Fuel Flow Measurement Mass Flow Meter

Micro Motion, Inc.

7070 Winchester Circle

Boulder, CO 80301

X1.1.25 AFR Analyzer—The recommended AFR analyzer

is a Horiba MEXA 110, which may be ordered from:

Horiba Instruments, Inc.

17671 Armstrong

Irvine Industrial Complex

Irvine, CA 92614

X1.1.26 ECM/EEC (Engine Control Module)
OH Technologies Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.27 EPROM for EEC/ECM Module

OH Technologies Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.28 Thermostat Orifice Plate-The thermostat orifice

plate may be fabricated by the laboratory or may be purchased
from:

OH Technologies Inc.
9300 Progress Pkwy.
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P.O. Box 5039

Mentor, OH 44061-5039
X1.1.29 Flywheel

Part No. OHT6A-003-1
OH Technologies Inc.
9300 Progress Pkwy.
P.O. Box 5039

Mentor, OH 44061-5039

Part No. F6ZZ-6375AB

Ford Power Products

and Ford or Mercury

Dealerships

X1.1.30 Engine Wiring Harness Without Interface

OH Technologies Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.31 Modified Coolant Outlet (Thermostat Housirg)
The thermostat housing may be modified by the laboratory or
may be purchased from:

OH Technologies Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.32 Modified Coolant Inlet (Oil Filter Adapten-The

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.34 Organic Solvent (Penmul L460)
Penetone Corp.

74 Hudson Ave.

Tenafly, NJ 07670

X1.1.35 Oakite 811

Oakite Products, Inc.

50 Valley Rd.

Berkley Heights, NJ 07922

X1.1.36 Aliphatic Naphtha—Aliphatic naphtha is available

from local suppliers.

X1.1.37 Cooling System Cleanser or Premixed Coolant

Flush Chemicals

X1.1.37.1 Oxalic acid in 55-Ib bags and

sodium carbonate in 50-Ib bags are available from
Ashland Chemical Co.

P.O. Box 391

Ashland, KY 41114

X1.1.37.2 Petro dispersant No. 425 powder in 50-Ib bags is

available from:

Witco Corp.

3230 Brookfield

Houston, TX 77045

X1.1.37.3 Oxalic acid 17.5 g/L (2.3 oz/gal) and Petro

coolant inlet adapter may be modified by the laboratory or magiSPersant No. 425 1 g/L (0.15 oz/gal) premixed in a single use

be purchased from:

OH Technologies Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.33 Fuel Fail Adapter SetThe fuel rail may be
modified by the laboratory or a fuel rail adapter set may be
purchased from:

OH Technologies Inc.

9300 Progress Pkwy.

container is available from:

Wrico Corp.

4835 Whirlwind

San Antonio, TX 78217

X1.1.38 Engine Mounts

Lybrook Precision Products

X1.1.39 Engine Mount Isolators (Biscuits)
World Class Engineered Products

20994 Bridge St.

Southfield, M| 48034

X2. DATA DICTIONARY

X2.1 The data dictionary is provided in Fig. X2.1.

X2.2 The repeating field specifications are provided in Fig.

X2.5.
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Test

Sequence Form Area

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290

310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530

NN DD RN RNRNNDNRNRNRNNNDNNNNMNDNRNRNNRMMRD S A 5 2 a2 a2 a2 5 a3 a3 &3 A -3 w3 =3 23 3 -3 a2 4 A 3 3 =3 =

oo
o o

VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA

Field
Name

VERSICN
TSTSPON1
TSTSPON2
LABVALID
LAB
RDTCOMP
DTCOMP
REOTTIME
EOTTIME
STAND
RSTRUN
STRUN
RENGNO
ENGNO
RENRUN
ENRUN
OILCODE
CMIR
FORM
OPVALID
ALTCODE1
ALTCODE2
ALTCODE3
SUBLAB
SUBSIGIM
SUBNAME
SUBTITLE
SAEVISC
BCDTST
V4ONEW
BCSTIME
V100NEW
DTSTRT
VINI40
STRTTIME
VINIT00
TESTLEN
CALOILBT
ENHREND
LABOCODE
FUELBTID
BC1KG
ABCKG
KGO

FEI
BC2KG
FEISA
BCSFTDLT
FEIFNL
SDLTRXXX
ACPTRXXX
ENGSN
RSAEVISC
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Data Dictionary

Field Decimal Data

Length Size

Type Units/Format

Description

8

£~
o o

R G
E o Y Y I RV BV, IV, B o~ R o - B A0 I

P S B W N
[ R R R O S s I <)

—_

—_
N = = OO OO0 00O NN UTO WV 0V

Py

O OO0 WMNNNOMNOOIINOOR OOO O ONOMNORMNONOOODOOOOODOOOOOOOOOOOOOOO OO OOoOOoO O O

v

'

cSt

cSt

cSt

cSt
HHH

HHH

kg
kg
kg
%
kg
%

%

%
kg/

O 0O 0T Z2 2 Z2 2 Z2 Z Z 0000 NZODZO0OO0Z0000000000000n000n0o0o00o00n00nonnonononnon

YYYYMMDD

I OR N

YYYYMMDD
YYYYMMDD
HH = MM
HH :MM

YYYYMMDD

HH:zMM

YYYYMMDD

HH :MM

HH

kih

VIA VERSION 19990729

CONDUCTED FOR, FIRST LINE

CONDUCTED FOR, SECOND LINE

TEST LAB VALIDATION (V, I OR N)

LAB CODE

REFERENCE COMPLETED DATE (YYYYMMDD)
COMPLETED DATE (YYYYMMDD)

REFERENCE COMPLETED TIME (HH:MM)

COMPLETED TIME (HH:MM)

STAND

REFERENCE STAND RUN

STAND RUN

REFERENCE LABORATORY INTERNAL ENGINE NUMBER
LABORATORY INTERNAL ENGINE NUMBER
REFERENCE ENGINE NUMBER RUNS

ENGINE NUMBER RUNS

NON-REFERENCE OIL CODE

CMIR

FORMULATION/STAND CODE

OPERATIONAL VALID - HAS OR HAS NOT
ALTERNATE OIL CODE 1

ALTERNATE OIL CODE 2

ALTERNATE OIL CODE 3

SUBMITTED BY: TESTING LABORATORY

SUBMITTED BY: SIGNATURE IMAGE

SUBMITTED BY: SIGNATURE TYPED NAME
SUBMITTED BY: TITLE

SAE VISCOSITY GRADE

BC START DATE (YYYYMMDD)

NEW OIL VISCOSITY @ 40 °C (cSt)

BC START TIME (HH:MM)

NEW OIL VISCOSITY @ 100 °C (cSt)
NON-REFERENCE OIL START DATE (YYYYMMDD)
AGED 16HR. OIL VISCOSITY @ 40 °C (cSt)
NON-REFERENCE OIL START TIME (HH:MM)

AGED 16HR. OIL VISCOSITY @ 100 °C (cSt)
TEST LENGTH (HHH)

CALIBRATION OIL BATCH

NON-REFERENCE ENGINE HOURS @ END OF TEST (HHHHH)
NON-REFERENCE LABORATORY INTERNAL OIL CODE
NON-REFERENCE FUEL BATCH IDENTIFIER

BC OIL BEFORE NON-REFERENCE OVERALL RESULTS (kg)
AVERAGE OF BC OIL OVERALL RESULTS (kg)
TEST OIL OVERALL RESULTS (kg)

FUEL ECONOMY IMPROVEMENT OVERALL RESULTS (%)
BC OIL AFTER NON-REFERENCE OVERALL RESULTS (kg)
FEI - SEVERITY ADJUSTMENT (%)

BC SHIFT % DELTA (%)

FEI - FINAL RESULT (%)

BC STAGE DELTA (kg/kWh)

BC ACCEPT Y/N

ENGINE SERIAL NUMBER

REFERENCE SAE VISCOSITY GRADE

FIG. X2.1 Data Dictionary
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29-jul-1999 Report: ASTM Data Dictionary
Test Field Field Decimal Data
Sequence Form Area Name Length Size Type Units/Format Description
540 2a VIA RBCDTST 8 0 C YYYYMMDD BC START DATE (YYYYMMDD)
550 2a VIA RCALOIL 10 0 C REFERENCE CALIBRATION OIL BATCH
560 2a VIA RBCSTIME 5 0 C HH:MM BC START TIME (HH:MM)
570 2a VIA RLABOCOD 12 0 C REFERENCE LABORATORY INTERNAL OIL CODE
580 2a VIA RDTSTRT 8 0 C YYYYMMDD REFERENCE OIL START DATE (YYYYMMDD)
590 2a VIA RFUELBID 10 0 C REFERENCE FUEL BATCH IDENTIFIER
600 2a VIA RSTRTIME 5 0 C HH:MM REFERENCE OIL START TIME (HH:MM)
610 2a VIA RTESTLEN 3 0 Z HHH REFERENCE TEST LENGTH (HHH)
620 2a VIA RENHREND 5 0 C HHHHH REFERENCE ENGINE HOURS & END OF TEST (HHHHH)
630 2a VIA RBC1KG 9 [ N kg REFERENCE BC OIL BEFORE TEST OIIL OVERALL RESULTS (kg)
640 2a VIA RBC2ZKG 9 6 N kg REFERENCE BC OIL AFTER TEST OIL OVERALL RESULTS (kg)
650 2a VIA RBCSFTDT 6 2 N % REFERENCE BC SHIFT % DELTA (%)
660 2a VIA RABCKG 9 6 N kg REFERENCE AVERAGE OF BC OIL OVERALL RESULTS (kg)
670 2a VIA  RKGO 9 6 N kg REFERENCE TEST OIL OVERALL RESULTS (kg)
680 2a VIA RFEI 6 2 N % REFERENCE FUEL ECONOMY IMPROVEMENT OVERALL RESULTS (%)
690 2a VIA RFEICF 6 2 N % REFERENCE FEI CORRECTED RESULTS (%)
700 2a VIA RFEIFNL 6 2 N % REFERENCE FEI FINAL RESULTS (%)
710 2a VIA RSDTRXXX 6 3 N BSFC REFERENCE BC STAGE DELTA XXX (BSFC)
720 2a VIA RCPTRXxXX 1 0 C REFERENCE BC ACCEPT Y/N XXX
730 2a VIA IND 6 0 c TMC OIL CODE
740 2a VIA RFEIMEAN 5 2 N NONE REFERENCE OIL STATISTICS FEI MEAN (NONE)
750 2a VIA RFEISD 5 2 N NONE REFERENCE OIL STATISTICS FEI S.D. (NONE)
760 2a VIA ROSTDTE 8 0 C YYYYMMDD REFERENCE OIL STATISTICS DATE (YYYYMMDD)
770 3 VIA BFCARXXX 8 5 N kg/kWwh AVERAGE BSFC (kg/kwh)
780 3 VIA BFCCRXXX 5 2 N COEFFICIENT OF VARIATION COMPUTED AVERAGES
790 3 VIA  WFC_RXXX 9 6 N kg WEIGHT FUEL CONSUMED (kg)
800 4 VIA  ARPM16H 7 1 N r/min AVG ENGINE SPEED 16 HOUR AGING (r/min)
810 4 VIA  XRPM16H 7 1 N r/min MAX ENGINE SPEED 16 HOUR AGING (r/min)
820 4 VIA IRPM16H 7 1 N r/min MIN ENGINE SPEED 16 HOUR AGING (r/min)
830 4 VIA ALD16H 6 2 N N-m AVG. LOAD 16 HOUR AGING (N-m)
840 4 VIA XLD16H 6 2 N N-m MAX. LOAD 16 HOUR AGING (N-m)
850 4 VIA ILD16H 6 2 N N-m MIN. LOAD 16 HOUR AGING (N-m)
860 4 VIA  AOGT16H 6 1 N °C AVG OIL GALLERY TEMPERATURE 16 HOUR AGING (°C )
870 4 VIA  XOGT16H 6 1 N °C MAX. OIL GALLERY TEMPERATURE 16 HOUR AGING (°C )
880 4 VIA TI0GT16H 6 1 N °C MIN. OIL GALLERY TEMPERATURE 16 HOUR AGING (°C )
890 4 VIA  ACINT16H 6 1 N °C AVG ENGINE COOLANT INLET TEMP. 16 HOUR AGING (°C )
300 4 VIA  XCINT16H 6 1 N °C MAX ENGINE COOLANT INLET TEMP 16 HOUR AGING ¢(°C )
210 4 VIA ICINT16H 6 1 N °C MIN ENGINE COOLANT INLET TEMP 16 HOUR AGING (°C )
920 4 VIA ASMPT16H 6 1 N °C AVG OIL CIRCULATION TEMP 16 HOUR AGING (°C )
930 4 VIA XSMPT16H [ 1 N °C MAX OIL CIRCULATION TEMP 16 HOUR AGING (°C )
940 4 VIA ISMPT16H 6 1 N °C MIN OIL CIRCULATION TEMP 16 HOUR AGING (°C )
950 4 VIA  ACOT16H 6 1 N °C AVG ENGINE COOLANT OUT TEMPERATURE 16 HOUR AGING (°C )
960 4 VIA  XCOT16H 6 1 N °C MAX ENGINE COOLANT OQUT TEMP 16 HOUR AGING (°C )
970 4 VIA ICOT16H 6 1 N °C MIN ENGINE COOLANT OUT TEMP 16 HOUR AGING (°C )
980 4 VIA AINAT16H 6 1 N °C AVG INTAKE AIR TEMPERATURE 16 HOUR AGING (°C )
990 4 VIA XINAT16H [ 1 N °C MAX INTAKE AIR TEMPERATURE 16 HOUR AGING (°C )
1000 4 VIA IINAT16H 6 1 N °C MIN INTAKE AIR TEMPERATURE 16 HOUR AGING (°C )
1010 4 VIA AFTMM16H 6 1 N °C AVERAGE FUEL TO FLOWMETER TEMPERATURE 16 HOUR AGING (°C )
1020 4 VIA  XFTMM16H [ 1 N °C MAX. FUEL TO FLOWMETER TEMPERATURE 16 HOUR AGING (°C )
1030 4 VIA IFTMMT6H 6 1 N °C MIN. FUEL TO FLOWMETER TEMPERATURE 16 HOUR AGING (°C )
1040 4 VIA  AFTFR16H 6 1 N °C AVG. FUEL TEMPERATURE TO FUEL RAIL 16 HOUR AGING (°C )
1050 4 VIA  XFTFR16H 6 1 N °C MAX. FUEL TEMPERATURE TO FUEL RAIL 16 HOUR AGING (°C )
1060 4 VIA IFTFR16H 6 1 N °C MIN. FUEL TEMPERATURE TO FUEL RAIL 16 HOUR AGING (°C )
1070 4 VIA ALCT16H 6 1 N °C AVG. LOAD CELL TEMPERATURE 16 HOUR AGING (°C )

FIG. X2.1 Data Dictionary (continued)
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Sequence Form Area

1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1590
1600
1610
1620

o T T T - SV G BV R B B B B U B o B Y R I Al T S o e T T T o T - T S o S T T S N T T R o T S T S S A T P e

VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA

Field

Name

XLCT16H

ILCT16H

AHEAT16H
XHEAT16H
[HEAT 16H
AINAP16H
XINAP16H
I INAP16H
AFPMM16H
XFPMM16H
1FPMM16H
AFPFR16H
XFPFR16H
IFPFR16H
AINTV16H
XINTV16H
TINTV16H
AEXBP16H
XEXBP16H
IEXBP16H
AOGP16H

XOGP16H

10GP16H

AMCF16H

XMCF16H

IMCF16H

AFFLO16H
XFFLO16H
IFFLO16H
AINAH16H
XINAH16H
TINAH16H
AAFR16H

XAFR16H

IAFR16H

OCT_Rxxx
COT_Rxxx
FFT_Rxxx
FFTDRxXx
TCT_Rxxx
LCT_Rxxx
LCTDRxxx
OHT_RxXxX
TAP_RXXX
FFP_RXXxX
FFRPRxxxX
IMP_Rxxx
EOP_RXxX
CF__Rxxx
TAH_Rxxx
BFC_Rxxx
RPM_Rxxx
LD__ Rxxx
OGT_Rxxx

A8 D 6202 — 02
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Report: ASTM Data Dictionary

Field Decimal Data

Length Size

Type Units/Format

N NNV TV N NN NN NN NN TN O8O0

SN 2 N A s e A N e e e S e s NN = = o NN NS a3 e NN R 3 o e e e NN A

°C

°C

°C

°C

°C
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kPa
kpPa
kPa
L/min
L/min
L/min
kg/h
kg/h
kg/h

°c
°C
°C
°c
°C
°C
°C
°C
kPa
kPa
kPa
kPa
kPa
L/min

ka/kuh
r/min

Z Z Z Z T Z Z Z T & Z ZT X ZZZ ZZZZZZZZEZEZTZZZZZEZEZTEZZEZZZZZZZZEZ 22 ZEZEZZZT Z Z

N-m
°C

=

grains/kg
grains/kg
grains/kg

grains/kg

Description

MAX.
MIN.

AVG

MAX.
MIN.

AVG
MAX
MIN
AVG

MAX.
MIN.
AVG.
MAX.
MIN.

AVG
MAX
MIN
AVG
MAX
MIN
AVG
MAX
MIN
AVG
MAX
MIN

LOAD CELL TEMPERATURE 16 HOUR AGING (°C )
LOAD CELL TEMPERATURE 16 HOUR AGING (°C )

OIL HEATER TEMPERATURE 16 HOUR AGING (°C )

OIL HEATER TEMPERATURE 16 HOUR AGING (°C )
OIL HEATER TEMPERATURE 16 HOUR AGING (°C )

INTAKE AIR PRESSURE 16 HOUR AGING (kPa)

INTAKE AIR PRESSURE 16 HOUR AGING (kPa)

INTAKE AIR PRESSURE 16 HOUR AGING (kPa)

FUEL PRESSURE TO MICROMOTION 16 HOUR AGING (kPa)
FUEL PRESSURE TO MICROMOTION 16 HOUR AGING (kPa)
FUEL PRESSURE TO MICROMOTION 16 HOUR AGING (kPa)
FUEL PRESSURE TO FUEL RAIL 16 HOUR AGING (kPa)
FUEL PRESSURE TO FUEL RAIL 16 HOUR AGING (kPa)
FUEL PRESSURE TO FUEL RAIL 16 HOUR AGING (kPa)

INTAKE VACUUM 16 HOUR AGING (kPa)

INTAKE VACUUM 16 HOUR AGING (kPa)

INTAKE VACUUM 16 HOUR AGING (kPa)

EXHAUST BACK PRESSURE 16 HOUR AGING (kPa)

EXHAUST BACK PRESSURE 16 HOUR AGING (kPa)

EXHAUST BACK PRESSURE 16 HOUR AGING (kPa)

OIL GALLERY PRESSURE 16 HOUR AGING (kPa)

OIL GALLERY PRESSURE 16 HOUR AGING (kPa)

OIL GALLERY PRESSURE 16 HOUR AGING (kPa)

ENGINE MAIN COOLANT FLOW 16 HOUR AGING (L/min)

ENGINE MAIN COOLANT FLOW 16 HOUR AGING (L/min)

ENGINE MAIN COOLANT FLOW 16 HOUR AGING (L/min)

AVERAGE FUEL FLOW 16 HOUR AGING (kg/h)

MAX.
MIN.

AVG
MAX
MIN
AVG
MAX
MIN
OIL

FUEL FLOW 16 HOUR AGING (kg/h)

FUEL FLOW 16 HOUR AGING (kg/h)

INTAKE AIR HUMIDITY 16 HOUR AGING (grains/kg)
INTAKE AIR HUMIDITY 16 HOUR AGING (grains/kg)
INTAKE AIR HUMIDITY 16 HOUR AGING (grains/kg)
AIR TO FUEL RATIO 16 HOUR AGING
AIR TO FUEL RATIO 16 HOUR AGING
AIR TO FUEL RATIO 16 HOUR AGING
CIRCULATION TEMPERATURE (°C )

COOLANT OUT TEMPERATURE (°C )

FUEL TO FLOWMETER TEMPERATURE (°C )

DELTA FUEL TO FLOWMETER TEMPERATURE (°C )
TEST CELL TEMPERATURE (°C )

LOAD CELL TEMPERATURE (°C )

DELTA LOAD CELL TEMPERATURE (°C )

OIL

HEATER TEMPERATURE (°C )

INTAKE AIR PRESSURE (kPa)

FUEL TO FLOWMETER PRESSURE (kPa)
FUEL TO FUEL RAIL PRESSURE (kPa)
INTAKE MANIFOLD PRESSURE (kPa)
ENGINE OIL PRESSURE (kPa)
COOLANT FLOW (L/min)

INTAKE AIR HUMIDITY (grains/kg)
BSFC (kgskwh)

SPEED (r/min)

LOAD (N-m)

OIL

GALLERY TEMPERATURE (°C )

FIG. X2.1 Data Dictionary (continued)
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Seguence Form Area

1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780

0 0 0 >®

14
14
14
14
14
14
14

VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA
VIA

Field

Name

CINTRXxX
IAT_Rxxx
FRT_RXXX
EBP_Rxxx
FCR_RXXX
AFR_RXXX
AFRDRXXX
BFCSRxxx
DWNOCR

DOWNHxxx
DDATHXXX
DTIMHXXX
DREAHXXX
TOTLDOWN
TOTCOM

OCOMHXXX

Field Decimal Data

Length Size

A D 6202 — 02
“afl

Report: ASTM Data Dictionary

Type Units/Format

Description

Vi 00 O W N O O O N T O

o~
NN O

70

O O O O 0O 0 O O NN WN -2 2 -

N O O OO O O N Z & 2 2 Z2 2 Z2 Z

C

°C
°C
°c
kPa
kg/h

kg/kuh
HHH : MM
YYYYMMDD

HH MM

HHH:MM

COOLANT IN TEMPERATURE (°C )
INTAKE AIR TEMPERATURE (°C )
FUEL RAIL TEMPERATURE (°C )
EBP (kPa)

FUEL FLOW (kg/h)

AIR TO FUEL RATIO

DELTA AIR TO FUEL RATIO

BSFC STANDARD DEVIATION (kg/kWh)
NUMBER OF DOWNTIME OCCURENCES
DOWN TIME TEST HOURS (HH:MM)
DOWNTIME DATE (YYYYMMDD)
DOWNTIME TIME (HH:MM)

DOWNTIME REASON

DOWNTIME TIME TOTAL (HHH:MM)
TOTAL LINES OF COMMENTS & OUTLIERS
OTHER DOWNTIME COMMENTS XXX

FIG. X2.1 Data Dictionary (continued)
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FHEHH R R R e e e R e R

# #
# Data Dictionary Repeating #
# Field Specifications #
# #

FHEFHEH R R R R B R R T R H i
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 ABCDHxXXX.
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 HOO08
DVISHO0S
PVISHOO8
VIS HO16
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.

G e B o o S S S o S S o e Hr S SR SR SR o bR o oHE oHe R o R R R oHe oHE HE o oHe o R BE SR R o e o o b 3R

HHHHFHEHH A HA A S H R R R A R H U R U R A A A A A

# Start of Field Grouping Specifications #
HHHAFHH A HHEFHA I A R R R R A A R R R R
#

VIA VERSION 19990729
SDILTRxxx SDLTRxXX BC STAGE DELTA (kg/kWh)
001 002 003 004 005 006 MEN

ACPTRxxx SDLTRXXX BC ACCEPT Y/N

001 002 003 004 005 006
FIG. X2.5 Repeating Field Specifications
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RSDTRxxx RSDTRxXX
001 002 003 004 005

RCPTRxxx RSDTRxXX
001 002 003 004 005

BFCARxxx BFCARxXX
AlA A2A A3A A4A ALBA

BFCCRxxx BFCARXXX
AlA A2A A3A A4A ASA

WFC_Rxxx BFCARXXX
AlA A2A A3A A4A ALA

OCT_Rxxx OCT_RxXxXX
AQ01 AQO2 AO03 A04 AOQ5

COT_Rxxx OCT_RxxX
AQ1 AD2 AO03 AD4 A0S

FFT Rxxx OCT RxxX
AQ01 AO02 A03 A04 A0S

FFTDRxxx OCT_ RxxX
AQ01 A02 AO03 A04 A0S

TCT Rxxx OCT RxXXX
AQ01 AO2 A03 A04 AO05

LCT Rxxx OCT Rxxx
A01 AQ02 AQ3 A04 A0S

LCTDRxxx OCT_Rxxx
A0l AOZ AO03 AO4 A0S

OHT_Rxxx OCT_Rxxx
A0l A0Z A03 A04 AOS5

IAP Rxxx OCT_RXXX
A01 AO02 AO03 A04 A0S

FFP Rxxx OCT RXXX
AQ01 A02 AO3 A04 A0S

FFRPRxxx OCT RxxX
AQ1 AO2 A03 A04 A0S

IMP Rxxx OCT RxXXX
A01 AO0Z AQ3 A04 A0S

EOP Rxxx OCT_Rxxx
AQ01 AO02 AO03 A04 A0S

CF_ Rxxx OCT Rxxx
A01 A02 AO03 A04 A0S

TAH Rxxx OCT_ RXXX
AQ01 A02 AO3 A04 AOS

A D 6202 — 02
“afl

REFERENCE BC STAGE DELTA XXX
006 MEN

(BSFC)
REFERENCE BC ACCEPT Y/N XXX
006

AVERAGE BSFC (kg/kWh)
A6A B1A B2A B3A B4A BSA B6A ClA C2A C3A C4A

COEFFICIENT OF VARIATION COMPUTED AVERAGES
AG6A B1A B2A B3A B4A B5A B6A C1A C2A C3A C4A

WEIGHT FUEL CONSUMED (kg)
AG6A B1A B2A B3A B4A B5A B6A C1lA C2A C3A C4A

OIL CIRCULATION TEMPERATURE
AQ06 BO1

(DEG C)
B02 BO3 B0O4 BO5 B06 C01 C02 C03 C04

COOLANT
AQ6 BO1

OUT TEMPERATURE (DEG C)
BO2 BO3 B04 BO5 BO6 CO01 CO02 CO03 C04

FUEL TO
AO06 BO1

FLOWMETER TEMPERATURE (DEG C)
B0O2 BO3 B04 BO5 BO&6 C01 C02 C03 C04

DELTA FUEL TO FLOWMETER TEMPERATURE (DEG C)
AO6 BO1 BO2 BO3 B04 B0OS5 BO6 CO01 C02 CO03 Co04

TEST CELL TEMPERATURE (DEG C)
AQO6 BO1 BO2 BO3 B0O4 BO5 BO6 CO01 C02 CO03 C04
LOAD CELL TEMPERATURE (DEG C)

AO06 B0l BO2 BO3 B0O4 BO5 BO6 CO1 CO02 CO03 C04
DELTA LOAD CELL TEMPERATURE

AO6 BO1 BO2 BO3 B0O4 BO5 BO6

(DEG C)

C01 C02 CO03 C04
OIL HEATER TEMPERATURE (DEG

AOC6 B0l BO2 BO3 B0O4 BO5 BO6

C)

Co1 C02 CO03 C04

INTAKE AIR PRESSURE (kPa)

AO6 BO1l BO2 BO3 BO4 BO5 BO6 CO1 C02 C03 C04

FUEL TO FLOWMETER PRESSURE (kPa)

AO06 BO1 BO2 BO3 B04 BO5 BO6 C01 C02 C03 C04

FUEL TO FUEL RAIL PRESSURE (kPa)

AO06 B0l BO2 B0O3 B0O4 BO5 BO6 C01 C02 CO03 C04

INTAKE MANIFOLD PRESSURE (kPa)

AO6 BO1 B0O2 B0O3 B04 BO5 BOe6 C01 CO02 C03 C04

ENGINE OIL PRESSURE (kPa)

AQO6 BO1 BOz2 BO3 B0O4 BO5 BOe6 CO01 C02 CO3 C04

COOLANT FLOW (L/min)

AQ06 BO1 BO2 BO3 B04 BO5 BO6 CO1 C02 CO03 C04
INTAKE AIR HUMIDITY (grains/kg)

AO6 BO1 B0O2 BO3 B04 BO5 BO6 CO1
FIG. X2.5 Repeating Field Specifications  (continued)
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C5A

C5A

C5A

CO05

CO5

C05

C05

C05

C05

CO05

CO5

CO05

C05

C05

C05

CO05

C05

CO5

CéA

CéA

CéA

C0e6

Co6

Co6

Coe6

Co6

Coe6

Co6

Co6

Co6

Coe6

Co6

Co6

C06

C06

Coe6



BFC_Rxxx BFC_RxxxX

All Al2
A4l A42
B11 B12
B41 B42
C1l1 Ci1z2
C41 C42

Al13
A43
B13
B43
C13
C43

Al4
Ad4
Bl4
B44
Cl4
C44

AlS
A45
B15
B45
C15
Cc45

RPM Rxxx BFC RxxX

All AlZ2
A35 A36
A2 A63
B26 B2A
B53 B54
Cla C21
C44 C45

Al3
A3A
A64
B31
B55
Cc22
C46

Al4
A4l
ABS
B32
B56
Cc23
C4A

AlS5
Ad2
Ab66
B33
B5A
Cc24
C51

LD _Rxxx BFC_Rxxx

A1l Al2
A35 A36
A62 A63
B26 B2A
B53 Bb54
Cla C21
C44 C45

Al3
A3A
Ab4
B31
B55
c22
C46

Al4
A4l
ABS
B32
B56
C23
C4A

AlS5
A42
A66
B33
B5A
C24
Ch1

OGT Rxxx BFC _RxXX

A1l Al2
A35 A36
A62 AB3
B26 B2A
B53 Bb54
Cia C21
C44 C45

Al3
A3A
Ac4
B31
B55
c22
C46

Al4
A4l
A65
B32
B56
C23
C4A

AlSb
A4?2
A66
B33
B5A
c24
C51

CINTRxxx BFC RxxX

All Al2
A35 A36
A62 AB3
B26 B2A
B53 B54
Cla Cz21
C44 C45

Al3
A3A
A4
B31
B55
c22
C4e

Al4
A4l
A65
B32
B56
Cc23
C4Ah

AlS5
A42
S
B33
B5A
Cc24
C51

IAT Rxxx BFC RXXX

All Al2
A35 A36
A62 A63
B26 B2A
B53 B54
ClAa C21
C44 C45

Al3
A3A
A4
B31
B55
Cc22
C46

Al4
A4l
A65
B32
B56
c23
C4A

AlS
A42
Ab66
B33
B5A
Cc24
C51

FRT Rxxx BFC_RxxXX

All Al2
A35 A36
AG2 AG3
B26 B2A
B53 BH4

Al3
A3A
Ab4
B31
B55

Al4d
A4l
ABS
B32
B56

AlS
RA42
A66
B33
B5A

BSEC

Ale
A46
B16
B46
Cile
Cde

SPEED

Alo
A43
ABGA
B34
Bel
C25
C52

LOAD

Ale
Ad3
A6A
B34
Bol
C25
Cc52

OIL
Al6
A43
ABA
B34
Bel
C25
Ch2

A21
A51
B21
B51
c21
C51

A8 D 6202 — 02
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(kg/kWh)

A22
A52
B22
B52
c22
C52

AlA A21

Ad4
Bl11
B35
B62
C26
C53

(N-

AlA
Ad4
B1l1l
B35
Be2
Cc26
C53

A45
Bl2
B36
B63
c2Aa
C54

m)

A21
A45
B12
B36
B63
C2A
C54

GALLERY

AlA
Ad44
Bil
B35
B62
C26
C53

COOLANT

Ale6
A43
A6A
B34
Bol
C25
C52

AlA
Ad4
B1l1
B35
B62
C26
C53

A21
A45
Bi12
B36
B63
C2Aa
C54

A23 A24
A53 Ab4
B23 B24
B53 B54
C23 C24
C53 C54

(r/min)

A22 A23
Ad46 A4A
B13 B1l14
B3A B41
B64 B65
C31 C32
C55 C56

A22 A23
Ad46 A4A
B13 Bl4
B3A B41
B64 B65
C31 C32
C55 Cb56

A25
A55
B25
B55
C25
C55

A24
A51
B15
B42
B66
C33
C5A

A24
Ab1
B15
B42
Be6o
C33
C5A

TEMPERATURE

A22 A23
A46 A4A
B13 Bl4
B3a B4l
B64 B65
C31 (C32
C55 Che

A24
A5l
B15
B42
B66
C33
C5A

IN TEMPERATURE

A2l
A45
B12
B36
B63
c2Aa
C54

A22 A23
A46 A4A
B13 Bl14
B3A B41
B64 B65
C31 (€32
C55 Cbh6

A24
A51
B15
B42
B66
C33
C5A

INTAKE AIR TEMPERATURE

Als
A43
AGA
B34
B61l
C25
C52

FUEL RAIL TEMPERATURE

Ale
A43
AGA
B34
Bel

AlA
Ad44
Bi1l
B35
Be2
C26
C53

AlA
A44
B11l
B35
Be62

A21
A45
B12
B36
B63
C2A
C54

A2l
A45
B12
B36
B63

A22 A23
Ad6 A4A
B13 Bl4
B3A B41
B64 B6S
C31 C32
C55 (56

A22 AZ23
Ad46 A4A
B13 Bi14
B3A B4l
B64 B65

A24
Ab1
B15
B42
Beo
C33
C5Aa

A24
A51
B15
B42
B66

FIG. X2.5 Repeating Field Specifications
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A26
A56
B2e6
B56
C26
C56

A25
AbB2
Ble
B43
B6A
C34
Cel

A25
AB2
Ble
B43
BeA
C34
Cel

A3l
Ae6l
B31
Bel
C31
Cée1l

A26
AB3
Bla
B44
Cl1
C35
Ce2

A26
A53
B1lA
B44
C11
C35
Ce2

(DEG C)

A25
AB2
B16
B43
B6A
C34
Cel

(DEG

A25
AB2
B16
B43
B6A
C34
Cel

(DEG

A25
AB2
Ble
B43
B6A
C34
Ce61l

A25
A52
B16
B43
Bé6A

A26
A53
B1A
B44
C1l1
C35
C62

C)

A26
A53
B1A
B44
c11
C35
C62

C)

A26
A53
B1A
B44
Ci1
C35
C62

(DEG C)

A26
AB3
B1A
B44
C11

(continued)

A32
Ab2
B32
B62
C32
Ce2

A2A
A54
B21
B45
C1z2
C36
ce3

A2A
Ab54
B21
B45
C1z2
C36
Ce63

A2A
Ab4
B21
B45
Ciz2
C36
Ce3

A2A
Ab4
B21
B45
C1z2
C36
€63

A2A
A54
B21
B45
C1z2
C36
Ce3

A2A
Ab4
B21
B45
ciz2

A33
AG3
B33
B63
C33
C63

A3l
A55
B22
B46
C13
C3Aa
Coe4

A3l
A55
B22
B4o
C13
C3A
Co4

A3l
A55
B22
B4e
C13
C3Aa
Co64

A3l
ABDS
B22
B46
C13
C3a
C64

A3l
A55
B22
B46
C1i3
C3A
Cée4

A3l
ABS5
B22
B46
C13

A34
A64
B34
Bo4
C34
Ce4

A32
A56
B23
B4A
Cl4
C41
Ce5

A32
A56
B23
B4A
Cl4
C41
C65

A32
A56
B23
B4A
Cl4
C41
Cé65

A32
A56
B23
B4A
C14
c41
Ce5

A32
A56
B23
B4A
Cl4
C41
Ce65

A32
A56
B23
B4A
Cl14

A35
A65
B35
B65
C35
Cé5

A33
ABA
B24
B51
C15
C42
C66

A33
AS5A
B24
B51
C15
Cc42
C66

A33
ASA
B24
B51
C15
C42
Cé6

A33
ABA
B24
B51
C15
C42
Cé66

A33
AS5A
B24
B51
C15
C42
C66

A33
A5A
B24
B51
C15

A3e6
A66
B36
B66
C36
C66

A34
A6l
B25
B52
C16
C43
CéeA

A34
A6l
B25
B52
Cle6
C43
Co6A

A34
A6l
B25
B52
Cle
C43
C6A

A34
A6l
B25
B52
Cle
C43
C6A

A34
A6l
B25
B52
Cle
C43
CéeA

A34
Ascl
B25
B52
Cl6



ClA C21 C22 C23 C24
C44 C45 C46 C4A CH1

EBP Rxxx BFC RxxxX

A1l A1l2 Al3
A35 A36 A3A
A62 A63 A64
B26 B2A B31
B53 B54 B55
C1lA C21 C22
C44 C45 C46

Al4
A4l
A65
B32
B56
C23
C4A

AlS5
A42
A66
B33
B5A
C24
C51

FCR_Rxxx BFC Rxxx

All Al1l2 Al3
A35 A36 A3A
A62 A63 Ab64
B26 B2A B31
B53 B54 B55
Cla C21 C22
C44 C45 C46

Al4
A4l
A65
B32
B56
C23
C4A

Al5
A42
A66
B33
B5A
C24
C51

AFR_Rxxx BFC_RxxX

A1l Al2 Al3
A35 A36 A3A
A62 A63 Ab4
B26 B2A B3l
B53 B54 B55
CiAa C21 C22
C44 C45 C46

Al4
A4l
AGS5
B32
B56
C23
C4A

Al5
A42
A66
B33
B5A
C24
C51

AFRDRxxx BFC_Rxxx
A1A A2A A3A A4A ALBA

BFCSRxxxX BFCSRXXX
A1A A2A A3A A4A ALA

DOWNHxxx DOWNHxXXX

DDATHxxx DOWNHxxXxX

DTIMHxxX DOWNHxXXxX

DREAHxXX DOWNHXXX

OCOMHxxx OCOMHXXX

C25
Ch2

EBP
Al6
A43
ABA
B34
B61l
C25
Cc52

FUEL FLOW

Als
A43
A6A
B34
B6l
C25
Ch2

AIR
Ale6
A43
AGA
B34
B61l
C25
Ch52
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C26 C2A C31
C53 Ch4 C55

(kPa)

AlA
Ad4
B11l
B35
B62
C26
C5h3

AlA
Ad4
B11
B35
B62
C26
C53

A21
A45
Biz
B36
B63
Cc2a
C54

A21
A45
Bi2
B36
B63
C2a
C54

TO FUEL

AlA
Ad44
B11l
B35
B62
C26
Ch3

A21
A45
B12
B36
B63
C2Aa
C54

A22
A46
B13
B3A
Bé64
C31
C55

(kg/h)

A22
A4d6
B13
B3A
B64
C31
C55

C32
C56

A23
AdRA
B14
B4l
B65
C32
C56

A23
A4A
Bi4
B4l
B65
C32
C56

RATIO

A22
A4d6
B13
B3A
Be4
Cc31
C55

A23
A4A
B14
B41
B65
c32
C56

C33
C5A

A24
A51
B15
B42
B66
C33
C5A

A24
ALl
B15
B42
B66
C33
C5A

A24
AS51
B15
B42
B66
C33
C5A

DELTA AIR TO FUEL RATIO
A6A B1A B2A B3A B4A BS5SA

BSFC STANDARD DEVIATION
AcA B1A B2A B3A B4A B5A

DOWN TIME TEST HOURS

DOWNTIME DATE

DOWNTIME TIME

DOWNTIME REASON

C34 C35 C36
C6l Cb2 C63

A25 AZ6 A2A
Ab2 AL3 AL4
Bl6 B1A B21
B43 B44 B45
BeA Cl1 C12
C34 C35 C36
Cél Ce62 Cs63

A25 A26 A2A
A52 AL3 A54
Bi6é BlA B21
B43 B44 B45
BeAa Cl1 Ciz2
C34 C35 C3s6
Cel Co2 C63

A25 A26 A2A
A52 AL3 Ab4
Bl16 B1A B2l
B43 B44 B45
B6A Cl1l1 Ci12
C34 C35 C36
Cé1 Ce2 (C63

Bo6A ClAa C2A

(kg/kWh)
B6A C1A C2A

(HH :MM)

(YYYYMMDD)

(HH : MM)

OTHER DOWNTIME COMMENTS XXX

FIG. X2.5 Repeating Field Specifications
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(continued)

C3a
C64

A3l
A55
B22
B46
C13
C3A
Ce4

A3l
A55
B22
B46
C13
C3A
C64

A3l
A55
B22
B46
C13
C3A
C64

C3Aa

c3a

C41
C65

A32
A56
B23
B4A
Cl4
C41
Cé5

A32
A5G
B23
B4A
Cl4
C41
Cé5

A32
A56
B23
B4A
Cl4
C41
Cé65

c4n

Caa

C42
Cé6

A33
ALBA
B24
B51
C15
C42
Cé66

A33
ABA
B24
B51
C15
C42
Cé6

A33
ABA
B24
B51
C15
C42
Cé66

Cha

C5A

C43
CeA

A34
A6l
B25
B52
Cle
C43
CoA

A34
A6l
B25
B52
Cle
C43
CeA

A34
A6l
B25
B52
Cle
C43
C6A

CéA

céA
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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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