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QH].p DESignation: D 6202 — 00a An American National Standard

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 epsilonejf 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 (TMEDrovides 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 without combining values in any way.

1.1 This test method covers an engine test procedure for the 1.3 This standard does not purport to address all of the
measurement of the effects of automotive engine oils on th&afety concerns, if any, associated with its use. It is the
fuel economy of passenger cars and light-duty 3856 kg (850()e_spon5|blllty of the user of thls standard to e_stabllsh appro-
Ib), or less, gross vehicle weight trucks. The tests are conductdyiate safety and health practices and determine the applica-
using a specified 4.6-L spark-ignition engine on a dynamombility of regulatory limitations prior to use.
eter test stand. It applies to multiviscosity grade oils used in 1.4 This test method is arranged as follows:
these applications. Companion test methods used to evaluate Subject Section

engine oil performance for specification requirements arég”t“’d”“'On

discussed in the latest revision of Specification D 4485. RZ?sriznced Documents ;
1.2 The values stated in either Sl units or other units shall bé&rminology 3
regarded separately as the standard. Within the text, the S un@%mj‘gg Tost Method .
are stated first with the other units shown in parentheses. Th@paratus 6
values stated in each system may not be exact equivalentsGeneral 6.1

therefore, each system shall be used independently of the other St Engine configuration 62

Laboratory Ambient Conditions 6.3
Engine Speed and Load Control 6.4
R . o . Engine Cooling System 6.5
This test method is under the jurisdiction of ASTM CommitteeD02 on  External Oil System 6.6
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee Fuel System 6.7
D02.B0 on Automotive Lubricants. The multi-cylinder engine test sequences were Engine Intake Air Supply 6.8
originally developed in 1956 by an ASTM Committee D02 group. Subsequently, the Temperature Measurement 6.9
procedures were published in an ASTM special technical publication. The Sequence AFR Determination 6.10
VIA was published as RR:D02-1364, dated August 24, 1995. Exhaust and Exhaust Back Pressure Systems 6.11
Current edition approved Nov. 10, 2000. Published November 2000. Originally Pressure Measurement and Pressure Sensor Locations 6.12
published as D 6202-97. Last previous edition D 6202—00. Engine Hardware and Related Apparatus 6.13
2 ASTM Test Monitoring Center, 6555 Penn Ave., Pittsburgh, PA 15206-4489. Miscellaneous Apparatus Related to Engine Operation 6.14
For other information, refer to RR: D02-1364 Sequence VIA Test DevelopmentReagents and Materials 7
This research report and this test method are supplemented by Information LettersEngine Oil 7.1
and Memoranda issued by the ASTM Test Monitoring Center. This edition Iest Fuel 7.2
Engine Coolant 7.3

incorporates revisions in all Information Letters through No. 00-1.

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

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 9.3.5 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 0.3.14 2.1 ASTM Standards: S
Sensors, Switches, Valves, and Positioners 9.3.15 D 86 Test Method for Distillation of Petroleum Produtts
'FG”'II'C:“_ S%?‘e"; . ggig D 240 Test Method for Heat of Combustion of Liquid
uel Injection System 3. .
Intake Air System 9318 Hydrocarbon Fuels by Bomb C_:alorlme%er
Engine Management System (Spark and Fuel Control) 9.3.19 D 287 Test Method for API Gravity of Crude Petroleum and
Accessory Drive Units a9 Petroleum Products (Hydrometer Methdd)
Engine Flywheel and Guards 0392 D 323 Test Method for Vapor Pressure of Petroleum Prod-
Lifting of Assembled Engines 9.3.23 ucts (Reid Method)
Cafimane Mounts o2 D 381 Test Method for Existent Gum in Fuels by Jet

BC Pre-Test Verification 10.1 EV&pOI’&tIOﬁ . . .

Engine/Test Stand Calibration 10.2 D 445 Test Method for Kinematic Viscosity of Transparent
Procedure 1021 and Opaque Liquids (the Calculation of Dynamic Viscos-
Reporting of Reference Results 10.2.2 N3
Analysis of Reference Oils 10.2.3 |ty) ) . » .
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 . .
Fuel Flow Meascroment Systﬁm 10.3.2 D 1319 Test Method for Hydrocarbon Types in Liquid
Coolant Flow Measurement System 1033 Petroleum Products by Fluorescent Indicator Adsorgtion
LZ‘:\:EI‘;;"MUZLESE:‘:mLenTgeyrsite”nrf Measurement System 18-;-‘5‘ D 2699 Test Method for Research Octane Number of
Other Instrumentation 10.3.6 Spark-lgnltlon Engme Fuél o
Test Procedure 11 D 3231 Test Method for Phosphorus in Gasotine
ﬁzzgf‘g‘;g’r‘]g°s’tg‘r't‘]‘jp5ta”‘UF’ of New Engine ﬁ; D 3237 Test Method for Lead in Gasoline by Atomic

Coolant Flush 13 Absorption Spectrometfy

New Engine Break-In 11.4 D 3338 Test Method of Estimation of Heat of Combustion

Routine Test Operation 115 F

of Aviation Fuel$
Start-Up and Shutdown Procedures 11.5.8 .
Flying Flush Oil Exchange Procedures 115.9 D 4294 Tegt Met_hod for Sulfur in Petroleum Products by
Test Operating Stages 115.10 Energy-Dispersive X-Ray Fluorescence Spectrostopy
Stabilization to Stage Conditions 11511 3 : R ;
Stabilized BSFC Measurement Cycle 112 D 4485 Specification for Performance of Engmg Oils _
Data Logging 11513 D 5302 Test Method for Evaluation of Automotive Engine
BC Qil Flush Procedure for BC Oil Before Test Oil 11.5.14 Oils for Inhibition of Deposit Formation and Wear in a
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Determine Conformance with Specificatiéns 3.2.1 aged test ojl —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 enginethe 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
API1 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 3.2.5 flying 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, — 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 enginethe
combustion chambers. D 5302 efficient use of gasoline.

3.1.2 automotive adi—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 oil.
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 oil 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 intersposed 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 useccient, requester, sponsor  required to minimize the possibility of a carryover effect from

and customer. Sub. B Glossary the previous oil.
3.1.9 reference oil n—an oil of known performance char- 4.4 Test results are expressed as a percent change in brake
acteristics, used as a basis for comparison. D 5844  specific fuel consumption relative to the reference oil.

3.2 Definitions of Terms Specific to This Standard: .
5. Significance and Use
5.1 Method—The data obtained from the use of this test
7 Annual Book of ASTM Standardgol. 14.02. method provide a comparative index of the fuel-saving capa-
8 ey . . .
gim}llat')lB?Ok OéAS,Tt'V' ?thda[df)l 1;-0‘_‘- e 400 D bilities of automotive engine oils under repeatable laboratory
vallable fTrom Society of Automotive Engineers, Inc., ommonweal r, s - - - .
Warrendale, PA 15096-0001. This standard is not available separately. Order eithgrondl_tlons' A baseline C.a“bratlon O_II (hereafter referred tf) as
the SAE Handbook Vol. 3 or the SAE Fuels and Lubricants Standards ManuaBC 0il) has been established for this test method to provide a
HS-23. _ _ _ reference against which all other oils can be compared. The BC
be Zgggllsajgllegfgom American Petroleum Institute, 1220 L Street NW, Washington, oil is an SAE 5W-30 grade fuIIy-formuIated lubricant. There is
11 Available from American National Standards Institute, 11 W. 42nd St., 13th@ directional correlation of Test Method D 6202 (Sequence

Floor, New York, NY 10017. VIA) percent fuel economy improvement (FEI) with the fuel
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economy results obtained from vehicles representative odre also reviewed semi-annually by the ASTM Sequence
current production running under the current EPA testingVIl/VIA Surveillance Panel.
cycles.
5.1.1 The test procedure was not designed to give a precisee Apparatus
estimate of the difference between two test oils without 6.1 Genera—Certain aspects of each test stand shall be
adequate replication. Rather, it was developed to compare @mmonized in terms of stand hardware. Examples of compo-
test oil to BC oil. nents that are specified are certain pumps, valves, heat ex-
5.2 Use—The Sequence VIA test method is useful for changers, heaters, and piping nominal inner diameter (1.D.).
engine oil fuel economy specification acceptance. It is used i¥Vhere specified, four classes or categories of stand hardware
specifications and classifications of engine lubricating oilshave been designated:

such as the following: 6.1.1 Class . o
5.2.1 Specification D 4485, 6.1.1.1 1—Shall use exact make/model/size specified.
5.2.2 APl 1509 6.1.1.2 2—Shall use the recommended make/brand/model
593 SAE J304: and or equivalent that meets the specifications as detailed in the
b : text.
.24 SAE J1423. 6.1.1.33—Shall include but ue of make/model/size is op-

5.3 Validity—The results are valid only when all details of .
the procedure are followed and when the test is conducted Othonal. . .
. . . . 6.1.1.4 4—Suggested or recommended for inclusion, but
a TMC calibrated test stand. Good engineering practice should ™" ;
; se is optional.
be followed in all aspects of the test procedure. Unexpecte . . .
R ) -~ 6.1.2 The class for each component is shown in the right
deviation in the controlled test parameters are to be judged i . . .
.nand column of Fig. A2.8 for the engine cooling system (see

accordance with the applic;able guideline's es_tabl?shed I%.5) and Fig. A2.16 for the external oil system (see 6.6). Prints
14.2.2. Beyond these guidelines, good engineering Judgme%r special parts are included in this procedure. When using

shall be applied in all unforeseen circumstances to protect th . . : : . o
L ; . o these prints to fabricate special parts, the dimensions specified
validity of the test results. If anomalies exist within the data .
for the various parts should be used. Do not scale off the

generated during a test and are not addressed within thl&rawings or use them as a pattern. All equipment specified in

procedure, they shouild be reported as indicated in X1.1.1. the procedure shall be used. Substitution of equivalent equip-

£ 5'.4 La;bo:atory Iing_lne/Sta_rtld ((Zjomplnatlo? Callbrat_+|en ment is allowed, but only after equivalency has been proven to
ngine test severity is monitored using reference oils (se e satisfaction of the TMC.

X1.1.2). The TMC will assign reference oils for calibration 6.2 Test Engine ConfiguratisaThe test engine is a spe-

tests. The reference oils used to calibrate Sequence VIA engirBT: lly built 1993 4.6-L Ford V-8 engiri& designed for use with

test _s'tands h'ave been formulated or selected to represe automatic overdrive electronic (AODE) transmission. (See
specific chemical types or performance levels, or both. Thes 1.1.3 for procurement of this engine). Mount the engine on

oils are normally supplied under code numbers (blind referencghe test stand so that the flywheel friction face is 3.6.5°

oils) to ensure that the testing laboratory is not influenced b¥rom the vertical with the front of the engine higher than the

preconceived opinions in assessing test resglts. . rear. The U-joint angles shall not be greater than 2.0° in the
5.4.1 Number each Sequence VIA test to identify the standa ticq plane and 0.0° in the horizontal.

number, the number of runs on that stand, the engine number,6_3 Laboratory Ambient ConditiorsDo not permit air

and the number of runs on the engine. For example, 56-21-38, 1 tans or ventilation systems to blow directly on the engine.
defines a test on stand 56, which is the 21st test on stand S¢}¢ 5 mpjent laboratory atmosphere shall be relatively free of
engine number three; and the eighth test on engine nuMbegf st or other contaminants as required by good laboratory
three. For reruns of operationally invalid or unacceptable testg;nqards.
the stand run number shall be incremented by one and the g 4 Engine Speed and Load ContrelThe dynamometer
engine run number shall be followed by the le#efor the first  g5004 and load control systems shall be capable of maintaining
re-run, B for the second re-run, and so forth. For example, theyg |imits specified in Table 1, Table 2, and Table 3. A typical
next test number for an operationally invalid or unacceptabl%bsed_bop control system maintains speed by engine throttle
test would be 56-22-3-8A. ) , control and load by dynamometer control. Since these speed
5.4.2 To ensure proper response to various oil parametergng |oad tolerances require sensitive and precise control,
conduct a reference oil test when a new or previously used tegfy ticular attention should be given to achieving and maintain-
engine is installed in a test stand. Reference test requiremen Bg accurate calibration of the related instrument systems.

as described in 10.2, are administered by the TMC. ~ Control average speed at2 r/min and average load at 0.07
.5.5 Performance Characteristics of Automotive Enginepn.m (0.05 Ibf-ft) as indicated by digital displays, measured
QOils: over a 100 to 120 s interval.
5.5.1 Precision Data— Initial precision data for the indi- 6.4.1 DynamometerUse a Midwest or Eaton 37 kW (50

vidual reference oils are shown in Table A2.1.
5.5.2 Reference Oil Data-The precision data for reference

oils are reviewed semi-annually by the ASTM Sequence 2 A specially built 1993 4.6L Ford V-8 internal combustion engine is a product
VIVIA S ill =) | of Ford Motor Co., Dearborn, Ml 48121. It is available as Part No. R2G-800-XB
urverliance Fanel. (AOD-E) from AER, 1605 Surveyor Blvd., P.O. Box 979, Carroliton, TX 75011-

5.5.3 Test Oil Data— Precision data for non-reference oils 0979.
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TABLE 1 Sequence VIA Test Operating Conditions Stage Flush and Stage Aging

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)

(= 3 within this range)

Fuel to fuel rail 20 =2 (68 = 3.6°F)
Oil heater 205 (401°F)
Pressures
Intake air, kPa 0.05 + 0.02 (0.20 = 0.10 in. H,0)
Fuel to flowmeter, kPa 100 min. (15 psi min)
Fuel to fuel rail, kPa 205 to 310 (29.7 to 45 psi)
Intake manifold, kPa abs. record
Exhaust back pressure, kPa abs 104.00 *= 0.20 (30.80 = 0.05 in. Hg abs.)
Engine oil, kPa record
Flows
Engine coolant, L/min 130 = 4 (34.3 = 1.1 gal/min)
Fuel flow, kg/h record
Humidity,intake air, g/kg, of dry air 11.4+ 0.8 (79.8 * 5.6 grains/Ib)
AFR 14.25:1 to 15.25:1 (= 0.25 within this range)
Ignition timing 20° BTDC = 2°

ACounted 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.

hp) Model 758 dry gap dynamometer (see X1.1.4). maintain the specified jacket coolant temperature and flow rate
6.4.2 Dynamometer Load during the test. The system components are listed in Fig. A2.8.
6.4.2.1 Dynamometer Load CeltMeasure the dynamom- An alternative cooling system is shown in Fig. A2.3. The

eter load |y a 0 to 45 kg (0 to 100 Ibload cell. The dyno load system shall have the following features:

cell shall have the following features: 6.5.1 The closed system is relieved of excess pressure using
(a) Good temperature stability: a normally closed 34.5 to 137.9kPa (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). 6.5.2 The pumping system shall be capable of producing
(2) Span= = 0.001 % FSO per °C (0.002 % FSO per °F). 130 = 4 L/min (34.3 = 1.1 gal/min). A Gould G and L
(b) Nonlinearity ==+ 0.05 % FSO. centrifugal pump (P-1 in Figs. A2.1, A2.2, and A2.6), Model
(c) Temperature compensation over range expected in laNPE, size 1ST, mechanical seal, with a 1.49 kW (2 hp), 3450

(10 to 49°C) (50 to 115°F). r/min motor, is specified (see X1.1.7). Voltage and phase of the
6.4.2.2 AlLebow Model 3397 load cell is recommended (seemotor is optional.

X1.5). 6.5.3 The coolant system volume is not specified; however,
6.4.2.3 Dynamometer Load Cell DampetDo not use a certain cooling system components are specified, as shown in

load cell damper. Figs. A2.1 through A2.6, and adhere to the nominal I.D. of the
6.4.2.4 Dynamometer Load Cell Ambient Temperatureline sizes, as shown in Figs. A2.1 through A2.6.

Contro—Control the load cell ambient temperature. Enclose 6.5.4 The specified heat exchanger (HX-1 in Figs. A2.1

the dynamometer load cell to protect it from the variability of through A2.6) is an ITT Standard brazed plate Model 320-20,

laboratory ambient temperatures. Maintain air in the enclosur@art No. 5-686-06-020-001 (see X1.1.8), or a ITT Bell and

within the operating temperature range specified by the loaGossett brazed plate Model BP-75H-20, Part No. 5-686-06-

cell manufacturer within a variability of no more than3°C  020-001 (see X1.1.8). Parallel or counterflow through the heat

(£ 5.4°F). Control temperature by a means that does not causxchanger is permitted.

uneven temperatures on the body of the load cell. 6.5.4.1 Approved replacement heat exchangers are ITT Bell
6.4.2.5 Dynamometer Connection to EngindJse U-joints  and Gossett brazed plate Model BP-420-20, Part No. 5-686-

for the dynamometer-to-engine connection (see 6.2). 06-020-005, and ITT Bell and Gossett brazed plate Model
6.5 Engine Cooling SystemAn external engine cooling BP-422-20, Part No. 5-686-06-020-007.

system, as shown in Figs. A2.1 through A2.8, is required to 6.5.4.2 The specified heat exchanger for the alternative
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TABLE 2 Sequence VIA Test Operating Conditions (S| Units)

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
ASpeed, 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
ALoad, 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
AQil gallery temperature,® C 105 + 1 70+ 1 70+ 1 70+ 1 45 + 1 45 + 1
ACoolant 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
Oil circulation record
Coolant out record
Alntake air 27 + 2
Fuel temperature to flowmeter 20 to 32 (delta from the maximum stage average reading shall be = 4)¢
AFuel 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
AFuel flow, kg/h record
Humidity, intake Air, g/kg of dry air 11.4* 0.8
AAFR 14.25:1 to 15.25:1 (delta from the maximum stage average shall be = 0.50)¢
Ignition Timing 20° BTDC= 2°

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

cooling system (see Fig. A2.3) is an ITT shell and tube, Model 6.5.7.1 A  Badger Meter Inc. Model No.
BGF 5-030-06-048-001. 9003TCW36SV3AXXL36 (air-to-close), or Model No.
6.5.5 An orifice plate (OP-1 in Figs. A2.1 through A2.6) is 9003TCW36SV1AXXL36 (air-to-open) 3-way globe (divert),
specified. Size this orifice plate to provide a pressure drop0.8-mm (2-in.) valve is the specified valve (see X1.1.10).
equal to that of heat exchanger HX-1 and install it in the bypass 6.5.7.2 A Badger  Meter Inc. Model No.

loop of the coolant system. 9003TCW36SV3A29L36 (air-to-close) or Model No.
6.5.5.1 An oriface plate (OP-1) is not required when usingd003TCW36SV1A29L 36 (air-to-open) is also acceptable if the
the alternative cooling system (see Fig. A2.3). trim package used with these valves has a C.V. value of 16.0.

6.5.6 An orifice plate (differential pressure) (FE-103) in 6.5.7.3 Install the valve in a manner so that loss of air
Figs. A2.1 through A2.6 is specified (see X1.1.9). This orificepressure to the controller results in coolant flow through the
plate is a Daniel Series No. 30 RT threaded orifice flangé, 1 heat exchanger rather than through the coolant bydass (
NPT. Size this orifice plate to yield a pressure drop of 121 safd. Air-to-open/air-to-close is optional.

0.50 kPa (45.06t 2.0 in. H,0) at a flow rate of 130 L/min (34.3 6.5.7.4 Control valve (TCV 104) is not required when using
gal/min). There should be ten diameters upstream and fivthe alternative cooling system (see Fig. A2.3).

diameters downstream of straight, smooth pipe with no reduc- 6.5.8 A control valve (FCV-103 in Figs. A2.1, A2.2, and
ers or increasers. Flange size shall be same size as pipe si2&.6) is required for controlling the coolant flowrate to 130.0
Threaded, slip-on, or weld neck styles can be used as long as 4 L/min (35 * 1 gal/min). A Badger Meter Inc. Model No.
a consistent pipe diameter is kept throughout the require@003GCW36SV3A29L36, 2-way globe, 50.8 mm (2 in.),
lengths. air-to-close valve is the specified valve (see X1.1.10).

6.5.7 Acontrol valve (TCV-104 in Figs. A2.1 through A2.5) 6.5.9 A Viatran model 274/374, Validyne model DP15, or
is required for controlling the engine coolant flow rate throughRosemount model 1151 differential pressure transducer (see
the heat exchanger HX-1 and the heat exchanger bypa&PT-1 in Fig. A2.6) is required for reading the coolant flow
portion of the cooling system. rate at the orifice plate (see FE-103 in Fig. A2.2) (see X1.1.11).
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TABLE 3 Sequence VIA Test Operating Conditions (Inch-Pound Units)

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
ASpeed, 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
ALoad, 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
AQil gallery temperature,°F 221 + 1.8 158 + 1.8 158 + 1.8 158 + 1.8 113 + 1.8 113 + 1.8
ACoolant in temperature,°F 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
Oil circulation record
Coolant out record
“lntake air 80.6 = 3.6
Fuel temperature to flowmeter 68 to 89.6 (delta from the maximum stage average reading shall be = 4)¢
AFuel 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
AExhaust back pressure, in. Hg abs. 30.80 + 0.05
Engine oil, psi record
Flows
Engines coolant, gal/min 343 *+1
AFuel flow, ib/h record
Humidity, intake Air, grains/lb 79.8 + 5.6
AAFR 14.25:1 to 15.25:1 (delta from the maximum stage average reading shall be =
0.50)¢

Ignition Timing

20° BTDC+ 2°

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

6.5.10 The engine water pump shall either g (emoved

6.5.15 The materials used for process water, hot water,

and replaced with a water pump plate as shown in Fig. A2.7 ochilled water, process air, engine coolant overflow, and engine
(2) modified by removing the impeller and welding a block off coolant transducer tubing are at the discretion of the laboratory.
plate onto the front of the pump or tapping the front of the 6.5.16 The system shall have provisions (for example, low
pump and screwing in a pipe plug. The water pump plate capoint drains) for draining all of the flushing water prior to
be fabricated by the laboratory or procurred as Part Noinstalling a new coolant mixture.
OHT6A-014-A (see X1.1.12).
6.5.11 Acoolant reservoir, a coolant overflow container, andn Figs. A2.9 through A2.19, is required. The external oil
a sight glass are required, as shown in Figs. A2.1, A2.2, andystem components are listed in Fig. A2.16. Although all of the
A2.6. The design or model, or both of these items, is optionalsystems are interconnected in some manner, the overall exter-
6.5.12 A control valve (TCV-101 in Figs. A2.1, A2.4, and nal oil system is comprised of two separate circuity: the
A2.5) is required for controlling the process water flow rateflying flush system, which allows the oil to be changed while
through the heat exchanger HX-1. A Badger Meter Inc. Modethe engine is running, an@) the circulation system for oil

9001GCW36SV3Axxx36

(air-to-close)

6.6 External Oil System-An external oil system, as shown

Model temperature control. The engine oil pan is considered a part of

9001GCW36SV1Axxx36 (air-to-open), 2-way globe, 25.4-mmthe external oil system. The external oil volume of all of the
(1-in.) valve is the specified valve (see X1.1.10). The type ofircuits as well as the length of connections and surfaces in
trim package that may be used with this valve is optional anatontact with more than one oil in the flush system should be
is designated with the fourteenth, fifteenth, and sixteentiminimized to enable more thorough flying flushes.

position of the alphanumeric model number.

6.6.1 The flush system has a high capacity scavenge pump,

6.5.13 A 38.1-mm (¥2-in.) NPT sight glass is required in which fills a 5.68 L (6 qt) dump reservoir while fresh oil is
the main coolant circuit (SG-1 in Figs. A2.1, A2.2, and A2.6).drawn into the engine oil gallery. The dump reservoir float
The make/model is optional.

6.5.14 Brass, copper, or stainless steel materials are recorevel established by the float switch in the engine oil pan

mended for hard plumbing in the coolant system.

switch then resets certain solenoids and the engine refills to the

(which then closes the solenoid to the fresh oil reservoir).
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6.6.2 The oil heat/cool loop uses a proportional controllerto 6.6.5.4 Solenoid valves (FCV-150A, FCV-150C, FCV-
by-pass the cooling heat exchanger. The temperature is co@s50D, 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 to(a) FCV-150F and its related lines/piping are optional.
establish the three different oil gallery temperatures required in (b) FCV-150A is a Burkert Type 251 piston-operated valve
the procedure. Arrange the proportional three-way controlvith Type 312 solenoid valve (or a Burkert Type 2000
valve to go to its mid-point during the flying flushes to avoid piston-operated valve used with a Type 311 or 330 solenoid
trapping oil, and there shall be some cooling during test oilvalve) 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 oilsion proof (left to the discretion of the laboratory), and
system (excluding the oil scavenge discharge system) except agtertight, 19.1 mm¥s in.), 2-way, stainless steel.
may be required by the use of mandatory equipment in this (¢) 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 thepiston-operated valve used with a Type 311 or 330 solenoid
following features (The items shown in the clouded areas irvalve) for actuation of air supply to piston valve, solenoid
Fig. A2.9 are not specifically required. However, a system thavalve 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). AL2.7 mm {2 in.), 2-way, stainless steel.

Viking Series 475, gear type, close-coupled pump, Model (d) FCV-150D, FCV-150E, and FCV-150F are Burkert Type

H475M is specified (see X1.1.13). The pump shall have a®51 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,

It is recommended that the system include three reservoirs (origormally closed, explosion proof (left to the discretion of the

for BC oil, one for BC flush oil (BCF), and one for test oil). laboratory) and watertight, 12.7 mriz(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 (€) 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 (224.6+ 5 °F). 6.6.5.5 Control valve (TCV-144 in Figs. A2.9 and A2.10) is
6.6.4.5 Adump reservoir (see Figs. A2.9, A2.10, A2.11, and€quired. The specified valve is a Badger Meter Inc. Model No.
A2.12) with a 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. (2Nn.), air to open valve (X1.1.16). _
A2.9 through A2.12) is optional. A Gems Series ALS79999, 6_.6.5.6 Control valve (TCV-145 in Figs. A2.9 and A2.10) is
catalog No. A79999, 20 VA, high temperature float switch isOPtional (see X1.1.17).

recommended (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 arfyy @t NO. 5-686-04-020-001), brazed plate (see X1.1.18).
plumbing materials. 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.

6.6.5.1 Atotal volume (including oil volume in the oil pan  6.6.5.8 An electric heater (EH-5 in Figs. A2.9 and A2.10) is
to specified level) of not more than 5.68 L (6 qt) (see 6.6.5.16)required for oil heating. The specified heater is a heating
6.6.5.2 An engine oil pan float switch (FLS-152 in Figs. element inserted in the liquid Cerrobase inside a Labeco oil
A2.9, A2.13, and A2.19) is required. A Gems Seriesheater housing (see X1.1.19). Any 3000 W heater element may
ALS79999, catalog No. A79999, 20 VA, high temperature floatbe used within the Labeco housing. There are two recom-
switch is specified (see X1.1.14). mended heating elementst) (a three element with Incaloy
6.6.5.3 A positive displacement oil circulation pump (P-4 in sheath, Chromolox Part No. GIC-MTT-330XX, 230 V, single
Fig. A2.9) is required. A Viking Series 4125, Model G4125, no phase, and2) Wiegland Industries/Chromolox, Emerson Elec-
relief valve, base mounted is specified (see X1.1.15). Théric Model MTS-230A, Part No. 156-019136-014, 240 V single
pump shall have a V-belt or direct drive 1140 to 1150 r/minphase.
electric drive motor with a minimum of 0.56 kW (0.75 hp).  (a) (a) It is specified that a thermocouple be installed in the
\oltage and phase are optional. external oil heater so that the temperature can be monitored.
Note 1—The explosion proof requirement for the motor is left to the Install this theerCOUple into the.tOp Qf the heater into the
discretion of the laboratory. Cerrobase (see Fig. A2.17) to an insertion depth of 244:48
Note 2—Either V-belt drive or direct-coupled drive may be used. If 3.18 mm (9.625+ 0.125 in.). The maximum temperature

V-belt drive is used, use a 1:1 pulley ratio so that the final speed of th&hould not exceed 205°C (401°F). .
pump is a nominal 1150 r/min. (b) (b) The procedure for replacing a heating element is
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detailed in Annex A3. tube of the same I.D. and outside diameter (O.D.) as the
6.6.5.9 Install two oil filters (see FIL-2 in Figs. A2.9 and original tube to the end so the tube will project down thru the
A2.10) in the external oil system. The filters specified arefitting in the bottom of the pan. The pick up tube can be
Oberg or Racor Model LFS-55 with an Oberg or Racor 28 pmmodified by the laboratory or procured as Part No. OHT6A-
stainless steel screen Part No. LFS 5528 (see X1.1.20). 008-1 (see X1.1.23). Make the fitting in the bottom of the pan
(a) An alternative oil filter, Model LFS-62 with an Oberg or from a Swagelok SS-1210-1-8z-in. compression byyz-in.
Racor 28-um stainless steel screen, Part No. LFS 5528 (sé&PT fitting. Cut the NPT end off and weld remaining part to

X1.1.20), may be used. the underside outside bottom of the oil pan. There will then be
(b) Both oil filters in the test stand shall have the same modefin inside shoulder in the fitting to drill out for tte-in. O.D.
number. tube to pass through (see Fig. A2.13).

(c) Locate one filter anywhere in the external oil system after (@) (2) Use the double nylon ferrules (Part No. T-1213-1 and
the oil circulation pump, and locate the other between thel-1214-1) to seal against the steel tube rather than metal ones
engine oil pump and where the oil enters the engine oil gallenyto avoid crimping the wall of the tube (which can make it

(d) When replacing the test stand’s oil filters to the alterna-difficult to reseal after removing the oil pan).
tive Model LFS-62, do so immediately prior to a calibration  (b) (b) After the oil pan is installed on the engine and the use
test. of a compression fitting is arranged to connect the tube to an

6.6.5.10 Adhere to the nominal piping I.D. sizing shown inexternal oil hose, the suction tube may be shortened, if
Fig. A2.9. necessary.

6.6.5.11 Use modified oil filter adapter assembly, Part No. 6.6.5.16 Engine Oil Level Contret-Fit the engine oil pan
OHT6A-007-1 (see X1.1.21) as shown in Fig. A2.18. with a window on the right side, as shown in Fig. A2.13, as a

6.6.5.12 Engine oil plumbing shall be stainless steel tubingProvision for monitoring the oil level while the engine is
or piping or flexible hose suitable for use with oils at the funning and to allow observation of tflging flushoil changes.
temperatures specified. Where flexible hose is used in the (&) An oil sumpfull level is specified as 4& 10 mm (1.57
external oil system, excluding the line to the dump tank, uset 0.4 in.) below the machined surface of the oil pan rail at the
either Aeroquip No. 8 (Part No. 2807-8) or Aeroquip No. 10bottom of the block, measured along the vertical centerline of
(Part No. 2807-10) (X1.1.22). the window while the engine is running under flush and aging

6.6.5.13 Insulation of plumbing for the external oil circula- conditions (125°C oil gallery, 105°C coolant in, 1500 r/min,
tion system is mandatory, as shown in Fig. A2.6. Insulationl>.4 kW). A suitable mark is required on the window at this full
material selection is optional but shall have a maximumlevel. At other oil temperatures, the oil level will be signifi-
thermal conductivity of 0.276 Btu « in./h +%t °F at a mean cantly different.
temperature of 90°F. 6.7 Fuel System- A typical fuel delivery system incorpo-

6.6.5.14 Engine Oil Par— Oil pan (Ford Part No. F1AZ- rating all of the required features is shown in Fig. A2.20. The
6675-A or F2AZ-6675-A) is required. A modified oil pan may fuel system shall include provisions for measuring and con-
be fabricated by the laboratory or procured as Part Notrolling fuel temperature and pressure into the fuel flow
OHT6A-006-1 (see X1.1.23). All stock baffles shall be re- measuring equipment and into the engine fuel rail.
moved from the pan. An oil pan baffle, as shown in Fig. A2.14, 6.7.1 There shall be a minimum of 10 cm (3.9 in.) of flexible
is required and shall be installed as shown in Fig. A2.13. Thdine at the inlet and outlet of the fuel flow meter (rubber/
oil pan connections for connecting to the external oil systensynthetic suitable for use with gasoline). Compression fittings
shall be as shown in Figs. A2.13 and A2.15. Install a viewingare allowed for connecting the flexible lines to the fuel flow
window on the right side of the oil pan, as shown in Fig. A2.13.meter. Fuel supply lines from the fuel flow measurement
An optional additional viewing window may be installed on the equipment to the engine fuel rail shall be stainless steel tubing
left side of the oil pan. Install a float switch (FLS-152 in Fig. or piping or any flexible hose suitable for use with gasoline.
A2.9, Gems Series ALS79999, catalog No. 79999) (sed he fuelreturn line from the engine shall have a minimum I.D.
X1.1.14) in the oil pan. The float switch may be mounted fromof 6.35 mm (0.25 in.).
the pan bottom, as shown in Figs. A2.13 and A2.15, or from an 6.7.2 Fuel Flow MeasurementFuel flow rate measure-
adjustable rod through the dipstick hole (see A2.19). ment is critical and is measured throughout the test. A Micro

(a) Oil Pan Baffle—Fig. A2.13 illustrates a side view of the Motion Model D-6 mass flow meter with an RFT9712 Smart
oil pan and the position of the baffle on the left inside wall of Family or RFT9739 transmitter is specified (see X1.1.24). The
the pan. The ears on each end of the baffle are bent about 48ficro Motion sensor may be mounted in a vertical or a
toward the wall of the pan. The top edge of the baffle fits tighthorizontal position.
against the wall and is inclined downward toward the front of 6.7.2.1 Fuel flow measurement is coordinated to allow a
the engine approximately 23°, with respect to the pan railmeaningful calculation of brake specific fuel consumption in
When the baffle is tack-welded in this position, the opening akg/kw-h (Ib/hp-h). Specifically, speed, load, fuel flow, and
the bottom of the baffle will divert the incoming stream of oil air-fuel ratio (AFR) are time averaged over the same 100 to
downward and a little toward the back of the pan. 120 s interval with reasonable provision exercised to minimize

6.6.5.150il Pump Screen and Pickup Tube&ut off the  measurement lag factors. The use of frequency output from the
steel engine oil pick up tube immediately above the oil screeriuel flow meter is recommended to avoid electrical noise
and weld a 15 to 18-cm (6 to 7-in.) long, straight, stainless stealffecting analog signal output.
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6.7.3 Fuel Temperature and Pressure Control to the Fuelmanuat®, page 03-12-2.
Flow Meter—Maintain fuel temperature and pressure to the 6.8.1 Humidity—Measure humidity with the laboratory’s
fuel flow meter at the values specified in Tables 1-4. Precisgrimary humidity system. Correct each reading for nonstand-
fuel pressure control without fluctuation or aeration is mandaard barometric conditions, using the following equation:
tory for test precision. The fuel pressure regulator PRG 116 Humidity (corrected, grains/lb= 4354x (Psat(Pbar-Psal) (1)
shall have a safety pressure relief, or a pressure relief valve,
PRV 113, parallel to PRG 116 for safety purposes. where:

6.7.4 Fuel Temperature and Pressure Control to Engine Ezat = gat“fa“?ﬂ pressure (in. '_|'_|9)’ and
Fuel Rail—Maintain fuel temperature and pressure to the Szlirur;ts.arome ric pressure (in. Hg).
engine fuel at the values specified in Tables 1-4. Precise fuel :
pressure control without fluctuation or aeration is mandatory Humidity (corrected, g/Kg = 621.98x (Psat{Pbar-Psa})  (2)
for test precision. where:

6.7.5 Fuel Supply Pumps-The method of providing fuelto  psat = saturation pressure (mm Hg), and
the fuel flow meter is at the laboratory’s discretion as long asPbar = barometric pressure (mm Hg).
the requirements for fuel pressure and temperature are met. Forg.8.2 Intake Air Filtration—The air supply system should
providing fuel from the fuel flow meter to the engine fuel rail, provide either water-washed or filtered air to the duct. Any
use a car type fuel pump, Ford Part No. E7TF-9C407 ofiltration apparatus utilized shall have sufficient flow capacity
E7TC-9C407. The minimum fuel pressure is 205 kPa (30 psiglo permit control of the air pressure at the engine.
and the maximum is 310 kPa (45 psig). 6.8.3 Intake Air Pressure ReliefThe intake air system

6.7.6 Fuel Filtering— Filtering of the fuel supplied to the shall have a pressure relief device located upstream of the
test stand is required in order to minimize fuel injectorengine intake air filter snorkel. The design of the relief device
difficulties. is not specified.

6.8 Engine Intake Air Supply:-Suitable apparatus is re- 6.9 Temperature Mea_suremenfrhe test requires the accu-
quired to deliver approximately 4.0%min (140 f€/min) of air rate measurement of oil, coolant, and fuel temperatures, and
to the engine intake air filter. The intake air supply system shalf@reé must be taken to ensure temperature measurement accu-
be capable of controlling moisture content, dry bulb temperafacy- Follow the guidelines outlined by RR:D02:1278.
ture, and inlet air pressure, as specified in Table 1 and Table 2, 6-9-1 All temperature devices should be checked for accu-
which is 11.4+ 0.8 g/kg of dry air (79.8 5.6 grains/lb of dry ~ 12CY at the temperature levels at which they areto be _used. This
air), 27+ 2°C (80.8+ 3.6°F), and 0.05 0.02 kPa (0.2+ 0.1 is partlcularly true of_the th(_armocouples used in the 0|.I gallery,
in H,0). The engine intake air system components are consi&he coolant in, the inlet air, and the fuel to fuel rail. lron-
ered part of the laboratory intake air system and are specifieionstantan (Type J) thermocouples are recommended for

and are shown in Fig. A2.21 and in the 1993 Ford Servicd€MPerature measurement, but either Type J or Type K
(Chromel-Alumel) thermocouples may be used.

6.9.2 All thermocouples (excluding the oil heater thermo-
couple) shall be premium grade, sheathed types with premium
wire. Use thermocouples of 3.2-mik(in.) diameter. Thermo-
couple lengths are not specified, but in all cases should be long
enough to allow thermocouple tip insertion to be in mid-stream
Time at each step, min. 4 1 of the medium being measured. The thermocouples shall not

TABLE 4 Sequence VIA New Engine Cyclic Break-in
Cycle
A B

Time to decelerate to Step A, s 15 :
Time to accelerate o Step B. s 4105 have greater than_5 cm (2 in.) of thermocouple sheath exposed
Speed, r/min 1500 3500 to laboratory ambient.
o W () ;55?10 " ;0590(28) 6.9.3 Some recommended sources of thermocouples are
ower, p . . .
Load, N-m (Ibf-ft) 48.00 (35.4) 57.00 (42.04) Leeds and Northrup, Conax, Omega_, Revere, and _Therr_no
+ 5.00 (+ 3.69) +5.00 (= 3.69) Sensor. In any case, thermocouples, wires, and extension wires
Oil gallery, °C (°F) 10g E22§)) 1025((2231)) should be matched to perform in accordance with the special
+2(* +2 (= o ;
Coolant, in, °C (°F) 95 (203) 95 (203) limits of error as defmed by ANSI MC96.1-1975. _ o
+2(+3) +2 (+ 3) 6.9.4 System quality shall be adequate to permit calibration
Coolant flow, L/min (g/min) 1+3(31 2343) 1+340((j42-§) to = 0.56 °C (1 °F) for individual thermocouples.
Intake air temperature and humidity  control not required 6.9.5 Thermocoyple Locatier-All thermocouple tIpS .
Ignition timing, ® BTDC record not specified should be located in the center of the stream of the medium
E;(h:;\ust back pressure, kPa (in. Hg, 104.0 (30.80) not specified being measured unless otherwise specified.
abs. . .
+ 034 (+01) 6.9.5.1 Qil Inlet (Gallery)—Insert the thermocouple into the
AFR record not specified modified oil filter adapter plate so that the thermocouple tip is
Fuel pressure to fuel rail, kPa (psi) (23?5’:0351)0 (230(?:0 f5l)o flush with the face of the adapter and located in the center of
(0] (0]
Fuel temperature to fuel rail, °C (°F) 20 (68) 20 (68)
*2(+ 3.6) +2 (* 3.6) - ) )
Fuel flow, kg/h (kb/h) record not specified 3 Available from HELM, Inc., 14310 Hamilton Ave., Highland Park, MI 48203.
BSFC, kg/kWeh (kb/hpeh) record not specified 14 ASTM Instrumentation Task Force Research Report. Available from ASTM.

Request RR:D02-1218.
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the stream of flow, as shown in Fig. A2.18, (that is, remove theexhaust back pressure probe location in the exhaust system is
O-ring from the adapter, place the adapter face on a flat surfacehown in Fig. A2.22.
and insert the thermocouple into the adapter until the thermo- 6.11.4 AFR Analyzer Probe-The specified AFR analyzer
couple tip is flush with the flat surface, and lock thermocoupleprobe (see 6.10) location is shown in Fig. A2.22.
into place). 6.12 Pressure Measurement and Pressure Sensor
6.9.5.2 Oil Circulation— Locate the oil circulation thermo- |ocations—Pressure measurement systems for this test method
couple in the tee in the rear of the oil pan where the oil fromare specified in general terms of overall accuracy and resolu-
the external heat/cool circuit returns oil to the pan. The tip oftion with explicit pressure tap locations specified. Gages or
the thermocouple shall be at the junction of the side opening inther pressure devices (such as electronic transducers) may be
the tee with respect to the through passage in the tee. used but shall follow the guidelines outlined by
6.9.5.3 Engine Coolant Ia-Locate the thermocouple tip in RR:D02:12184
the center of the stream of flow and within 15 cm (5.9 in.) of 6.12.1 Connecting tubing between the pressure tap locations
the housing inlet. and the final pressure sensors should incorporate condensation
6.9.5.4 Engine Coolant Out-Locate the thermocouple tip traps as directed by good engineering judgment. This precau-
in the center of the stream of flow and in the coolant returntion is particularly important when low air pressures (as in this
neck within 8 cm (3.15 in.) of the housing outlet. test method) are transmitted by way of lines that pass through
6.9.5.5 Intake Air—Locate the thermocouple in the Ford air low-lying trenches between the test stand and the instrument
cleaner assembly on the clean side of the filter as shown in Figonsole. Pressure sensors should be mounted at the same
A2.21. elevation as the pressure taps.
6.9.5.6 Fuel to Fuel Flow MeterLocate the thermocouple  6.12.2 Engine Oil—Locate the pressure tap for the engine
within 10 to 50-cm (3.9 to 19.7-in.) line length upstream of theoil pressure at the oil filter adapter. Accuracy of 1 % with 6.9
fuel flow meter inlet. kPa (1 psi) resolution is required.
6.9.5.7 Fuel to Engine Fuel Rai-Insert the thermocouple 6.12.3 Fuel to Fuel Flow Mete—Locate the pressure tap

into the center of a tee or cross fitting and locate it a minimumyithin 5 m from the fuel inlet of the fuel flow meter. Accuracy
of 15 cm (5.9 in.) downstream of the fuel pump and within of 3.5 kPa (0.5 psi) is required.

15-cm (5.9-in.) line length of the fuel rail inlet. 6.12.4 Fuel to Engine Fuel Rail-Locate the pressure tap a
6.9.5.8 Load Celt—Locate the thermocouple within the load minimum of 15 cm (5.9 in.) from the outlet of the car type fuel
cell enclosure. pump and within 15-cm (5.9-in.) line length of the inlet to the

6.10 AFR Determinatior-Determine engine AFR by an fuel rail. Accuracy of 3.5 kPa (0.5 psi) is required.
AFR analyzer. Analysis equipment shall be capable of near g 12 5 Exhaust Back PressurelLocate the exhaust back

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

Temperature (exhaust gas used by sensor) 700 to 900 °Cthrottle body adapter. A sensor having accuracy within 1 % and
A Horiba Model MEXA 110 analyzer is recommended (seeWith 0.68 kPa (0.1 in. Hg) resolution is required.

X1.1.25). 6.12.8 Coolant Flow Differential Pressure-See 6.5.9.
6.10.2 The specified location of the analyzer sensing ele- 6.13 Engine Hardware and Related Apparatu3his sec-
ment is in the exhaust system, as shown in Fig. A2.22. tion describes engine related apparatus requiring special pur-
6.11 Exhaust and Exhaust Back Pressure Systems chase, assembly, fabrication, or modification. Part numbers not

6.11.1 Exhaust Manifolds-Use production cast iron ex- otherwise identified are Ford service part numbers.
haust manifolds, Ford Part No. F1AZ-9430 or F1AE-9430 6.13.1 Test Engine ConfiguratierThe test engine is a
(casting No. RF F1AE-9430-BB) for right hand and Part No.1993 4.6-L Ford V-8 engine equipped with fuel injection.
F1AZ-9431 or F1AE-9431 (casting No. RF F1AE-9431-BB) Purchase the engine as a test ready unit (for procurement see
for left hand. X1.1.3). The engine may not be disassembled and shall be used
6.11.2 Laboratory Exhaust SystemiThe exhaust system in an as received condition. Only external engine dress items
specified is shown in Fig. A2.22. Components can be radiallyare to be installed by the laboratory.
oriented to ease installation, but install all components in the 6.13.2 ECM/EEC (Engine Control) ModuleUse a special
order shown. The design of the system downstream from theodified ECM/EEC IV, Part No. OHT6A-002-1 engine control
location shown in Fig. A2.22 is at the discretion of the module, Ford part name SMO-100 (see X1.1.26). This module
laboratory. controls ignition and fuel supply functions. Equip this unit with
6.11.3 Exhaust Back PressureThe exhaust system shall a special EPROM No. GSALB-OH, Part No. OHT6A-005-1
have the capability for controlling exhaust back pressure to thésee X1.1.27).
pressures specified in Tables 1-4. The specified exhaust back6.13.3 Thermostat/Orifice Plate-Use an orifice plate, as
pressure probe is shown in Fig. A2.23, and the specifiedhown in Fig. A2.24, in place of the thermostat. The orifice

11
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plate can be fabricated by the laboratory or procured as Pait Reagents and Materials
No. OHT6A-004-1 (see X1.1.28). 7.1 Engine Oil
6.13.4 Intake Manifold— Modify the intake manifold, part ~ 7.1.1 ASTM Baseline Calibration Oil (BC)see X1.1.2) is
No. F1AZ-9424-C, F1AE-9424 or F1AE-9425. Plug the intakeysed for new engine break-in and as a primary reference oil for
manifold coolant by-pass passage (port under the orifice plategvaluation of test oils. It is an SAE 5W-30 grade. Approxi-
6.13.5 Flywheel—A special manual flywheel, Part No. mately 38 L (10 gal) of BC oil are required for each test.
F622-6375-AB is required (see X1.1.29). Modify the flywheel 7.1.2 ASTM BCEF, (see X1.1.2) is a special flushing oil (BC
in accordance with laboratory practice to allow for connectionoil with increased solubility) that is used when changing oil
to the test stand driveshaft. after a test oil has been in the engine. Approximately 6 L (6.3
6.13.6 Wiring Harnesses- Two wiring harnesses are used. gt) of flush oil are required for each test.
One is a fuel injector sub-harness Part No. F3VB-12522, 7.2 Test FuekThe test fuel required is the U.S. Federal
F3VB-12A522, F3AB-12A522, or F3BL-12A522, which is Emission Data fuel, blended to the somewhat tighter specifi-
available from Ford dealers and is similar to that shown in thecation used by the U.S. test fuel supplier industry. Potential
1993 Ford Service manual, Fig. K16182-A, page 18-01-22fuel suppliers are Amoco Oil C¥, Howell Hydrocarbons and
Disconnect items 11, 14, 21, and 23 shown in Fig. K16182-AChemicals, In¢®, Phillips Chemical Cd’, and Sun Refining
The other wiring harness is an engine wiring harness, Part Nand Marketing Cd® Test repeatability may be improved if one
OHT6A-001-1 (see X1.1.30) and is used to connect theof the above fuels is used, but in any event the fuel used shall
car-type harness to the ECM/EEC. meet the specifications of Table BNérning—Danger! Ex-
tremely flammable. Vapors harmful if inhaled. Vapors may
cause flash fire (see A6.2.1).)
7.2.1 Laboratory Fuel Sampling and AnalysisMonitor the
test fuel in a manner consistent with good laboratory practices.
6.13.7 EGR Block-Off Plate-Remove the EGR valve and |t is suggested that periodic samples be analyzed to ensure that
replace with a block-off plate, which is to be fabricated by theihe fuel has neither excessively deteriorated nor been contami-
laboratory. Cut off the EGR tube near the exhaust manifoldyateq in storage. The following inspections are recommended:

crimp, and weld shut or plug. 7.2.1.1 RVP, Test Method D 323 or Automatic Reid Vapor
6.13.8 Oil Pan—Use oil pan, Part No. F1AZ-6675-A or pressure Analyzer,

F2AZ-6675-A. Modify the oil pan as detailed in 6.6.5.14 and  7.2.1.2 API Gravity, Test Method D 287,
Figs. A2.13 through A2.15. 7.2.1.3 Existent Gum, Test Method D 381,
6.13.9 Oil Pump Screen and Pickup TubdJse oil pump 7.2.1.4 Oxidation Stability, Test Method D 525,
screen and pickup tube, Part No. F2AZ-6622. Remove the oil 7.2.1.5 Distillation, Test Method D 86,
pump screen and modify the pickup tube as detailed in 7.2.1.6 Sulfur, Test Method D 4294, and
6.6.5.15. 7.2.1.7 Lead Content, Test Method D 3237.
6.13.101dle Speed Control Solenoid (ISC) Block-Off 7.2.2 Fuel Batch Usage- Run complete test sequences on
Plate—Remove the idle speed control solenoid (idle air bypass single batch of test fuel. If a new batch of test fuel is
valve) and replace with a block-off plate, which is to be introduced to the laboratory fuel supply system, it shall be done

Note 4—A full size version of the engine wiring schematic may be
obtained from ASTM-TMC. It is not possible to include a reduced size
figure in this standard because of the complexity of the details.

fabricated by the laboratory. between finite tests.
6.13.11 Engine Water Pump-Modify or replace as detailed 7.3 Engine Coolant- The engine coolant shall be 50/50
in 6.5.10. volume % commercial additized ethylene glycol coolant/water.

6.13.12 Thermostat Housing-Use thermostat housing, Part Water should be deionized, demineralized, or distilled.
No. F1VY-8592-A or F1AE-8594. Modify for engine coolant 7.4 Cleaning Materials
out thermocouple installation (see 6.9.5.4) or procure as Part 7-4.1 Organic Solvent- Penmul L460 (see X1.1.34).
No. OHT6A-010-1 (see X1.1.31). (Warning—Harmful vapor. Store at moderate temperature
6.13.13 Oil Filter Adapter—Use oil filter adapter, Part No. (€€ A6.2.2).) _
F1AZ-6881, F1AE-6881, or F1AE-6884. Modify for engine 7.4.2 Oakite 811 (see X1.1.35)\(Varning—Harmful vapor.
coolant in thermocouple installation (see 6.9.5.3) or procure aStore at moderate temperature (see A6.2.3).) _
Part No. OHT6A-009-1 (see X1.1.32). 7.4.3 AllphatIC Naphtha(see X1.1.36). \(Varning—
6.13.14 Fuel Rai—Use fuel rail, Part No. F2AZ-9F792-4 Combustible. Harmiul vapor (see /6.24)) .
or F2AE-9F792. Modify the fuel rail inlet and outlet connec- 7.4.4 Engine .COO Ing Syst.ehm CeanseNarnlng—qum
tions for connection to the laboratory fuel supply system or uséubstance. AV_O'd c?nkt]ac; ‘n"t _EYes, skin, and .clothlng (see
a fuel rail adapter set, which may be procurred as Part Ng6-2-5).) Consists of the following (see X1.1.37):
OHT6A-011-1 (see X1.1.33).

6.14 Miscellaneous Apparatus Related to Engme Opera- 15 Available from Amoco Oil Co., P.O. Box 3011, Naperville, IL 60566-7011.

tion: 16 Available from Howell Hydrocarbons and Chemicals, Inc., 1201 South
6.14.1 Timing Light— Use an inductive pickup type timing Sheldon Rd., P.O. Box 429, Channelview, TX 77530-0426.

. . iy FE ; Available from Phillips Chemical Co., Specialty Chemicals, P.O. Box 968,

I|ght during the test.\(Varning Som_e types of timing lights Borger, TX 79008.

will read out double the actual ignition timing when used on 15 pyaiiable from Sun Refining and Marketing Co., P.O. Box 11325, Marcus

this engine.) Hook, PA 19061.
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TABLE 5 Sequence VIA Fuel Specification 8.2.3 Exhaust Back Pressure Probe Renewdhe exhaust
Fuel Parameter Test Method Analytical Results u u until i ,
back pressure probe can be used until it becomes cracked
Sl Units  Inch-pound brittle, or deformed. Clean the outer surface of the probe and
Units clear all port holes. Check the probe for possible internal
Octane, research min D 2699 96 : H H H .
Pb (organic), mglL, max D 3737 132 (0.05 g/US. obstruction and reinstall the probe in the exhaust pipe. Staln_
gal) less steel probes are generally serviceable or several tests; mild
o steel probes tend to become brittle after fewer tests.
penstiy. e 5 8.2.4 AFR Sensor Renewallnspect AFR sensor (see 10.3
IBP, °C D 86 23910 (75 to 95 °F) for AFR system calibration requirements).
R 35 8.2.5 Hose Replacement Inspect all hoses and replace any
10 % point, °C D 8o 8910 Ego 10135 that are deteriorated. Check for internal wall separations that
57.2 would cause flow restriction.
50 % point, °C D 86 93.3t0 (200 to 230 ) )
°F) 9. Engine Preparation
110 . .
90 % point, °C D 86 148910 (300 to 325 9.1 Purchase the engine as a test re_ady unit (for procurement
°F) see X1.1.3). The engine may not be disassembled and shall be
. 1628 i used in an as received condition. The only exceptions are
E.P., °C (max) D 86 212.8 (415 °F) | . d . be i lled by the lab d
Sulfur, weight %, max D 4294 0.10 external engine dress items to be installed by the laboratory an
Phosphorous, mg/L, max D 3231 132 (0.005g/U.S. the valve stem seals can be replaced when necessary. Utilize
gal) ; : .
RVP, kPa D323 600t (571092 Ford service parts for a 1993 model year engine (non-AODE
psig) transmission) or Sequence VIA parts.
N 63.4 9.2 Cleaning of Engine Parts
Hyg;g;;ggbg/g ﬁ’g(pos't'on 51310 10 9.2.1 Cleaning—Soak any parts to be cleaned in degreasing
Aromatics, %, max D 1319 35 solvent until clean (see X1.1.36).
Saturates D 1319 remainder 9.2.2 Rinsing—Wash the parts thoroughly with hot water.
Existent gum, mg/100mL, max D 381 5.0 9.3 Engme Assembly Procedure_
Oxidation stability, min, min D 525 500 9.3.1 _General Assembly Inst_ructlonsAssembIe_ the exter-_
Carbon weight fraction (El91f ) report nal engine dress components in accordance with the detailed
Specification LS . A .
Hydrogen/carbon ratio, mol basis E 101 report descnpuon in t.he 1993 F_o_rd_ Serwqe Manual_. HO\_/veV(_er, in
(Specification) cases of disparity, the explicit instructions contained in this test
Net Eeating va:ue, Btu;:g D 5328 report method take precedence over the service manual.
Net heating value, Btu. D report .
AP gravity D 287 report 9.3.1.1 Do not use sealers in tape form (loose shreds of tape

can circulate in the engine oil and plug critical orifices).
9.3.2 Bolt Torque SpecificatiorsWhen installing the en-

7.4.4.1 Oxalic Acid Dihydrate TechWarning—Toxic sub-  gine components, use a reliable torque wrench to obtain the
stance. Avoid contact with eyes, skin, and clothing (seevalues listed in Table 6. These specifications are for clean and

A5.2.6).) lightly lubricated threads only. Dirty or dry threads produce
7.4.4.2 Alkylated Naphthalene, Sodium SalPetro dispers- friction, which prevents accurate measurements of the actual
ant 425 (soap). torque. It is important that these specifications be observed.
7.4.4.3 Soda Ash Light (Neutralization). Overtightening can damage threads, which may prevent attain-
7.5 Sealing CompoundsNo specific sealing compounds ment of the proper torque and may require replacement of the
are required (see 9.3.3). damaged part.
. 9.3.3 Sealing CompoundsSealing compounds are not
8. Preparation of Apparatus specified. Use engineering judgment governing the use of

8.1 This section assumes that the engine test stand facilities®aling compounds.Warning—Silicone-based sealers may
and hardware, as described in Section 6, are in place. Emphagievate the indicated Si content of used oil.)
is on the recurring preparations needed in the routine conduct 9.3.4 New parts required for each new engine (see X1.1.3)
of the test. are listed in Annex A4.
8.2 Test Stand Preparation 9.3.5 Harmonic BalancerThe balancer, Part No. F1AZ-
8.2.1 Instrumentation Preparatior-Perform the calibration 6316-A, is included on the engine by the engine supplier.
of the temperature measuring system, the dynamometer load9.3.6 Oil Pan—Install oil pan, Part No. F1AZ-6675-A or
measuring system, the fuel flow measuring system, and thE2AZ-6675-A, and modify as detailed in 6.5.5.14 and as
pressure measuring system (see 10.3 for additional detaihown in Figs. A2.13, A2.14, and A2.15. Use gasket, Part No.
concerning instrumentation calibration) in a manner consisterff1AZ-6710-A. Torque the bolts in the sequence shown in 1993
with good laboratory practices and record it for future refer-Ford Service Manual, Fig. A14940-A, page 03-01-19.
ence. 9.3.7 Intake Manifold— Install intake manifold, Part No.
8.2.2 External Oil System CleanirgClean the entire ex- F1AZ-9424-C, F1AE-9424, or F1AE-9425. Use gaskets, Part
ternal oil system using the engine cleaning solvent (see 7.4.Mo. F1AZ-9461-A. Torque the bolts in the sequence shown in
each time a newly built engine is installed. 1993 Ford Service Manual, Fig. A14812-A, page 03-01-09.
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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
Crankshalft 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 %a 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

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 engin

supplier.

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 FLAE-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 Senseor
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 (CMPRJamshaft
position sensor, Part No. F1AZ-6B288-A, is included on the
engine by the engine supplier.

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

9.3.15.4 Water Temperature Indicator Sender Unitnstall
water temperature indicator sender unit, Part No. F1SZ-
10884-A or F1SF-10884.

9.3.15.51dle Speed Control Solenoid (ISE)dle air control
valve (idle air bypass valve) is not used; replace with a
block-off plate (see 6.13.10).

9.3.15.6 EGR Valve—The EGR valve is not used. Replace
with a block-off plate (see 6.13.7).

9.3.15.7EGR Valve Positioner (EVP) SenseEGR valve
position sensor is not used.

9.3.15.8EGR Vacuum Regulator (EVR) SenseEGR
vacuum regulator sensor is not used. Plug the vacuum lines that
would normally be connected to this sensor.

9.3.15.9Throttle Position (TP) Senserinstall TP sensor,
Part No. F2AZ-9B989-A or FZAF-9B989.

9.3.15.10Engine Coolant Temperature (ECT) Sensor
Install ECT sensor, Part No. F2AZ-12A648-A or F2AF-
12A648.

9.3.15.11Heated Exhaust Gas Oxygen (HEGO) Sensers
Use HEGO sensors, Part No. FOTZ-9F472. Make sure that the
HEGO sensors are correctly connected. The left side (Cylin-
ders 5 to 8) sensor harness has a red with black stripe wire
coming from the bottom right pin of the connector when
looking at the plug from the front. The right side sensor
(Cylinders 1 to 4) has a gray with light blue striped wire in this
position.
9.3.15.12PCVV—Remove the PCV valve and vent all PCV
Points of connection to atmosphere. Plug all associated vacuum
ines.

9.3.9 Thermostat-Remove the thermostat and replace with  9-3-15.13Air Charge Temperature (ACT) SenseUse
a thermostat orifice plate, as shown in Fig. A2.24 (see X1.1.28CT sensor, Part No. F2DZ-12A697.

and see 6.13.3).

9.3.15.14Mass Air Flow Senser+Use mass air flow sensor,

9.3.10 Thermostat Housing-Install a modified thermostat Part No. FOTZ-12B579 or F2VF-12B579 (70-mm diameter).
housing (see 6.13.12), Part No. F1VY-8592-A, F1AE-8594, or 9.3.16 Ignition System

OHT 6A-01010-1. Use gasket, Part No. F1VY-8255-A.

9.3.16.1Ignition Coils— Install right hand and left hand
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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. ECM installation. The ignition timing shall be 20° before top
9.3.16.2Ignition Wires— Install ignition wires, Part No. dead center (BTDC): 2° (see Tables 2 and 3).
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 V supply (yellow wire) while running oil tests.
forward) to ensure boot seal is fully seated against cylinder 9.3.20 Accessory Drive Units-Do not use external drive
head (1993 Ford Service Manual, Fig. B4477-B, page 03-07units, including alternators, fuel pumps, power steering units,

6). air pumps, and air conditioning compressors.
9.3.16.3Ignition 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 requirements. MOdlfy the ﬂyWheel
9.3.17.2Fuel Rail—Install modified fuel rail, Part No. Inaccordance with laboratory practice to allow for connection

F2AZ-9F792-A or F2AE-9F792 (see 6.13.14). to the test stand driveshaft. . ,
9.3.17.3Fuel Pressure RegulaterUse fuel pressure regu-  9-3:23 Lifting of Assembled EnginesAssembled engines

lator, Part No. E6AZ-9C968 or E7DE-9C968. should not be lifted by the intake manifold since this is known

9.3.18 Intake Air System-The engine intake air system [© cause engine coolant leaks.
components may be oriented in accordance with laboratory 9-3-24 Engine Mounts- Special dynamometer laboratory
requirement. However, use all of the specified components. €ndineé mounts may be used for the right hand, Part No.
9.3.18.1 Air Cleaner Outlet Tube Assembly (Alr BG*)JSG DTSC.080.128.001 and left hand, Part No. DTSC-80-126-1

air cleaner outlet tube, Part No. F2AZ-9B659. Install with air MOUNts (see X1.1.38). The right hand and left hand mount
cleaner outlet tube clamp (which comes with the outlet tubejSOlators biscuitg are Part No. DTSC-40-132-1 (see X1.1.39).
and bolt, Part No. F2AZ-9A624-A. ear mount configuration should be in accordance with labo-

9.3.18.2Crankcase Ventilation TubeRemove crankcase 20"y practice.
ventilation tube, Part No. F1AZ-6C324-A, and plug the port in 9.3.25 Valve Ste,m S_eaJrs\(aIve stem seals may be replace_d
the air cleaner assembly. at the laboratory’s discretion. Use the 1993 Ford Service

. : : . Manual procedure and recommended tools when the seals are
9-3.18.3Engine Air Cleaner AssemblyUse engine air replaced. The required replacement seal part number is F4AE-

cleaner assembly, Part No. F2AZ-9600. Modify the assembl ; ) . .
(see 6.9.5.5 and Fig. A2.21). )té:oAr?%e?stAA Replace the seals immediately prior to a calibra-
9.3.18.4 Air Cleaner Element-Use air cleaner element, '
Part No. E5TZ-9601. 10. Calibration
9.3.18.5Resonator Box- Use resonator box, Part No. 101 BC Pre-Test Verification-Run a BC pre-test verifica-
F2AE-9R504.

tion to identify stage BSFC relative magnitudes and to confirm
9.3.18.6 Throttle Body— Use throttle body, Part No. F2AZ- proper test apparatus controls (that is, speed, load, and fuel
9E926 or F2AE-9E926. flow measurements). BC pre-test verifications are also run to:
9.3.18.7 Throttle Body Adapter-Use throttle body adapter,  10.1.1 Verify that a new engine is performing properly
Part No. F2AE-9A589. before conducting the new engine/stand reference, and
9.3.19 Engine Management System (Spark and Fuel Con- 10.1.2 Verify the engine/stand is suitable to evaluate another
trol): test oil once sequential testing of oils has commenced.
9.3.19.1Engine Wiring Harness-Use a special engine  10.1.3 Run a pre-test verification at completion of new
wiring harness Part No. OHT6A-001-01, engine wiring harnesgngine break-in and as a requirement of each lubricant test.
without interface (see X1.1.30). 10.1.4 Calculate the pre-test verification using the mean
9.3.19.2Engine Control Module (ECM)}Use EEC IV  BSFC for all six stages and calculating the difference of this
engine control module, Part No. OHT6A-002-1, ECM/EEC mean from each of the six individual test stage mean BSFCs to
(see X1.1.26). This module controls ignition and fuel supplythree decimal places.

functions. 10.1.5 The pre-test verification of BC is considered opera-
(@) Equip this unit with EPROM GSALB-OH-LAH, Part tionally invalid if two or more of the pre-test verification limits
No. OHT6A-005-1 (see X1.1.27). are exceeded. A test oil should not be introduced if this occurs.

(b) Supply the EEC power from a battery or a regulatedThe laboratory should investigate possible causes prior to
power supply (12 V to red wire). Ground the EEC ground wireadditional BC testing attempts. Laboratories should make
to the engine. From the same ground pointy au2 gage wire pretest verification data available upon request to the TMC.
back to the battery negative to prevent interruption/interference 10.1.6 If test oil tests are being run insring, that is,
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BC/C1/BC/C2/BC, the pre-test verification requirement and TABLE 8 Pre-test Verification Limits
limits apply only to the BC before test oil. In the example Stage 1 Stage2 Stage3 Stage4 Stage5 Stage 6
shown in Table 7, if the BC after test oil No. 1 does not meet“ax 0.139 0.185  0.000 0225 0215 0.216

e . . . . M 0.102 0.152 -0.021 -0.262 -0.253 0.182
the pre-test verification, Table 8, requirements, this failure does—

not result in the test on test oil No. 1 being operationally

invalid. It would, however, require that tHailing BC not be

used as the BC before test oil for the test for test oil No. 2. 10.2.1.1 For new test stand/engine combinations, run the
10.1.7 Actions possible if pre-test verification is not satis-three required reference tests as follows:

factory: (a) (a) BC/R1/BC; report results to TMC; BC/R2/BC; report
10.1.7.1 Continue break-in if a new engine has not succesgesults to TMC; BC/R3/BC; report results to TMC; or
fully completed break-in. (b) (b) BC/R1/BC/R2/BC; report results to TMC; BC/R3/

10.1.7.2 Investigate possible stand related causes, that BC; report results to TMC; or
measurement calibration of speed, load, or fuel flow, or () (c) BC/R1/BC; report results to TMC; BC/R2/BC/R3/
combination thereof. BC; report results to TMC; or

10.1.7.3 If chemical contamination is suspected, then de- (d) (d) BC/R1/BC/R2/BC/R3/BC; report results to TMC.
condition with additional treatment of BCF or extended run- 10.2.1.2 Run the single reference test as — BC/R1/BC;

ning on BC and run another BC pre-test verification. report results to TMC.
10.2 Engine/Test Stand CalibratierThis event will be 10.2.1.3 Two categories of reference oils will be identified.
monitored by the ASTM TMC. The categories include reference oils that demonstrate response

10.2.1 Procedure—Test stand calibration is accomplished primarily related to viscometrics and those that do not. The
by conducting tests on ASTM TMC reference oils (X1.1.2). ASTM TMC will assign reference oils from each category for
Conduct reference oil tests on each test stand/engine combin@e initial reference tests and will alternate appropriately for
tion within a laboratory, which is to be considered calibrated tests thereafter. The referencing system will be reviewed once
in accordance with ASTM TMC Lubricant Test Monitoring the industry database has twenty tests on an appropriate
System (LTMS) guidelines. For a given test stand/engindumber of reference oils to determira @ppropriate referenc-
combination, conduct a minimum of one operationally valid,ing frequency;§) applicability of a severity adjustment factor;
statistically acceptable reference oil test after twelve non{C) appropriate acceptance statistics.
reference oil tests starts, or after ten operationally valid 10.2.1.4 The effective date of a reference test is the LTMS
non-reference oil tests have been conducted, or after 60 dagiéte and time of the reference test. Test start time is defined as
have elapsed, whichever occurs first. The 60 elapsed days ahe introduction of the reference oil into the engine. The LTMS
judged from the end-of-test (EOT) day of the last operationallydate and time are defined as the date and time the test was
valid, statistically acceptable reference oil test to the start-ofcompleted (completion of the BC run following the reference
test (SOT) day of a calibrated non-reference oil test. If moredil) unless a different date and time are assigned by the TMC.
than 30 days elapse between operationally valid tests, EOT tbhe TMC may schedule more frequent reference oil tests (or
SOT, on a stand/engine combination, a minimum of oneapprove less frequent reference oil tests) at its discretion.
operationally valid, statistically acceptable (per LTMS) test isUnder special circumstances (that is, extended downtime due
required. If acceptable results are obtained on the reference df industry-wide parts or fuel outages) the TMC may extend
and the pre-test verification is acceptable, the test stand/engifieference periods. Non-reference oil tests conducted during the
is calibrated. An operationally valid pre-test verification mayextended time allowance shall be annotated in the test note
be substituted for an operationally valid Sequence VIA test t@ection of the report.
fulfill the 30 day requirement. The pre-test verification run 10.2.1.5 Failure of a reference oil test to meet Shewhart or
shall count as one of the twelve non-reference oil test starts argkponentially weighted moving average (EWMA) control
does not have to meet the pre-test verification acceptangart limits can be indicative of a false alarm, engine, test
criteria. Calibrate test engines once removed from the tegitand, test laboratory, or industry related problem. When this
stand and reinstalled, even if the test number and time criteri@ccurs, the laboratory, in conjunction with the TMC, shall
are met by the engine. Laboratories shall inform the TMC withattempt to determine the problem source. Industry problems
a written explanation when a test engine is removed from a testhall be adjudicated by the ASTM Sequence VI/VIA Surveil-
stand and installed into another test stand. Only appropriate telnce Panel.

engines (X1.1.3) can be calibrated. 10.2.1.6 The'TMC W.i|| decide, Wi'Fh input as needed from
o Industry expertise (testing laboratories, test procedure devel-
TABLE 7 Example of Pre-test Verification oper, ASTM Technical Guidance Committee, Surveillance
Mean Stage 6 Stage Mean _ Panel, and so forth) if the reason for any unacceptable blind
Stage BSFC BSFC Difference reference oil test is isolated to one particular engine or stand or
L 0.70870 - 058470 = 012 related to other stands. If it is decided that the problem is
2 0.75409 - 0.58470 = 0.169 . . .. . . .
3 057393 - 058470 - oomn isolated to an |nd|V|dua}I engine or stand, calibrated testing on
4 0.34124 - 058470 = 0243 other stands may continue throughout the laboratory.
5 0.35096 - 058470 = 0234 10.2.1.7 If non-standard tests are conducted on a calibrated
6 0.77926 - 0.58470 = 0.194 . d librate th . d stand . t
6 stage mean 058470 engine or test stand, recalibrate the engine and stand prior to

running standard tests. Non-standard tests are defined as those
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conducted with operating conditions (that is, engine speedsiemonstration. 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 1).

10.2.2 Reporting of Reference ResultIransmit 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 (samplaew oil).
A7.1, A7.3, A7.4, and A7.15 shown in Annex A7 immediately 10.2.4.3 Flush in FM oil, run 30 min.
after completion of test analysis. The TMC will review the 10.2.4.4 Flush in FM oil, run 30 min.
transmitted reference oil test results and use the LTMS to 10.2.4.5 Flush in FM oil (this completes the FM oil change).
determine test acceptability. If the test is judged acceptable, the 10.2.4.6 Run 30 min, take a 118-mL (4-0z) purge sample,
reference oil code will be disclosed by the TMC. The completeand pour back into the engine. Take a 118-mL (4-0z) retain
final test report package as defined in Annex A7 shall b&ample (Sample 1).

received within 30 days of test completion by the: 10.2.4.7 Flush to BCF flush oil, 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 acceptableetain 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 g@etain 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 1092 4.11 Analyze samples—new oil, 1, 2, 3, 4, and 5 by ICP
engine failing to calibrate is a new engine (has never beefy 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-
10.2.3.1Reference 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 the&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)l engine load measurement systein), (
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.
authorized by the ASTM TMC. In such instances, supply 10.3.1 Engine Load Measurement Systei@alibration by
written confirmation of the circumstances involved, the data tause of deadweights is required at the start of a series of tests
be obtained, and the name of the person requesting the analysisd before each reference test. Prior to calibration, start the
to the TMC. engine and run for a minimum of 30 min at 1500 r/min and a
10.2.3.2BC Oil and BCF Flush O#—The BC oil and BCF minimum torque of 37 N-m. Shut the engine down, leave
flush oil may be analyzed only to the extent required todynamometer cooling water on, and start performing the load
evaluate the effectiveness of a test stand’s flushing system. Thigll calibration within 3 min after shutdown.
analysis will be limited to molybdenum content. The BC oil or  10.3.2 Fuel Flow Measurement SysteAtse accurate
BCF oil shall not be subjected to further physical or chemicalweight scale/time measurements for calibrating. Perform this
analyses, or both, other than those specified within thigalibration at three fuel flow rates (approximately 1.4, 3.2, and
procedure unless specifically authorized by the TMC. In suctb.4 kg/h). Evaluate each flow rate a minimum of three times to
instances, supply written confirmation of the circumstancewserify repeatability.
involved, the data to be obtained, and the name of the person10.3.2.1 The test stand flowmeter shall perform to within
requesting the analysis to the TMC. 0.25 % at 5.4 kg/h, 0.32 % at 3.2 kg/h, and 0.54 % at 1.4 kg/h
10.2.4 Flush Effectiveness Demonstratied\ laboratory  of the calibration standard. For each flow rate, a minimum of
shall demonstrate the flush effectiveness of its flying flush oithree consecutive flow readings shall be within the specified
system for any new stand and for any stand that has hailerance. The calibration standard shall be at least four times
modifications made to the oil system. By using an oil contain4more accurate than the test stand flowmeter at each specified
ing metal traceable by inductive coupled plasma (ICP), dlow rate.
laboratory shall demonstrate a 99 % flush effectiveness after 10.3.3 Coolant Flow Measurement Systeralibrate the
the final flush of a detergent flush (see 11.5.§)) Wwhen flow measuring device a minimum of once every three months.
detergent flushing from the demonstration oil to BC oil. ASTM .
oil FEEO-103 (FM) has proven satisfactory for use in this 10.3.4 Thermocouple and Temperature Measurement
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System-The calibration of the test stand temperature measurehe differential pressure sensor may be isolated (by closing the
ment system (thermocouple through readout) is checked at thalves or disconnecting the hoses) to prevent contamination of
test stand using the existing readout system prior to running the water in these hoses.
new engine reference or a minimum of once every three 11.1.4.1 Prepare cooling system cleanser solution by adding
months whichever occurs first. For the critical temperaturesxalic acid at the ratio of 23 g/L (3 oz/gal) and adding Petro
(see Table 2 or Table 3) the individual temperature sensorBispersant 425 at the ratio of 1 g/L (0.15 oz/gal) of water for
shall indicate within= 0.56°C ( 1°F) of the laboratory the coolant flush charge (see 7.4.4). Charge the coolant system
calibration standards. The calibration equipment utilized shallvith this solution.
be appropriate for the- 0.56°C (= 1°F) accuracy level here  11.2 Initial Engine Start-Up—Connect the fuel line to the
specified. See 6.9 for additional thermocouple calibratiorengine fuel rail or open the fuel shut-off valves, or both. Ready
requirements. the control console (engine ignition on, external oil circulation

10.3.5 Humidity Measurement SysteaCalibrate the pri-  pump on, safety circuits ready). Crank the engine. When the
mary laboratory measurement system at each stand on ehgine is running at idle (approximately 800 r/min, zero load),
semiannual basis using a hygrometer with a minimum dewheck for fuel, oil, coolant, water, and exhaust leaks. Connect
point accuracy of-0.55°C at 16°C £1°F at 60°F). Locate the the intake air supply duct. During idle, check the ignition
sample tap on the air supply line to the engine in the intake aiiming to verify it is 20° BTDC.
cleaner. o _ _ _ 11.3 Coolant Flush

10.3.5.1 The calibration consists of a series of paired 1731 Qperate the engine at idle conditions (800 r/min, no
humidity measurements comparing the laboratory system witfhad) for 40 min while maintaining a coolant temperature of 65
the calibration hygrometer. The comparison period lasts from. 5ec (150 10°F). Then open the engine block petcock and
20 min to 2 h, with measurements taken at 1 to 6 min intervalspeat exchanger drain valve. Add fresh tap water to the system
for a total of 20 paired measurements. The measuremepinij| the drains run clear. Continue adding fresh tap water to
interval shall be appropriate for the time constant of theyhe system for 5 min after the drains begin running clear. Close
humidity measuring instruments. . the block and heat exchanger drains and add the cooling system

10.3.5.2 Verify that the flow rate is within the equipment neytralizer (sodium carbonate) (see 7.4.4), which has previ-
manufacturer's specification, and that the sample lines argysly heen mixed at the ratio of 3.8 g/L (0.50 oz/gal) of hot
nonhygroscopic. Correct dew point hygrometer measurement{§ater.
to stanqard conditjons (101.12 kPa [29.92 in. Hg]_), using the 11.3.2 After the engine has run for 45 min with the
appropriate equation (see 6.8.1). Compute the difference beralizer while maintaining a coolant temperature of-65

tween each pair of readings, and calculate the mean angbc 150+ 10°F), open the drain valves and add fresh water
standard deviation of the twenty paired readings, using EQ§ntil the drains run clear. (The pH of the incoming and

A9.1 and A9.2 in Annex A9. The absolute value of the mean, ,yqing water should be the same at this point). Stop adding
difference shall not exceed 1.43 g/kg (10 grains/Ib), and thgeghy water, close drain valves, and run engine for 20 min
standard deviation shall not be greater than 0.714 g/kg (3nder coolant flushing operating conditions.

grains/lb). If these conditions are not met, investigate the
cause, make repairs, and recalibrate. Maintain calibratiori
records for two years.

10.3.6 Other Instrumentatior-As a minimum, calibrate
instrumentation for measuring parameters other then those
detailed in 10.3-10.3.5.1 after every 30 non-reference oil tests
or every three months, whichever occurs first. n

11.3.3 Shut down engine using the procedure given in
1.5.8. Disconnect the intake air supply duct as soon as the
engine is shut down.

11.3.4 Drain coolant.

11.3.5 Fill coolant system with pre-mixed coolant consist-
g of 50/50 volume % mixture of additized ethylene glycol
coolant and deionized, demineralized, or distilled water.

11. Test Procedure 11.3.6 Coolant charge may be reused for additional tests;

11.1 Preparation for Initial Start-Up of New Engire  however, new coolant should be installed each time a new
Measure and verify the ignition timing as specified in Tables 22ngine is installed.
and 3. 11.3.7 Perform the coolant flush procedure at the comple-
11.1.1 External Oil System-The external oil system should tion of a new engine break-in.
be cleaned each time a new engine is installed (see 8.2.2). 11.4 New Engine Break-k-A broad overview of the en-
11.1.2 Preparation for Oil Charge-Check the apparatus gine break-in is as follows:
carefully to be sure that all oil lines and fittings are properly 11.4.1 A minimum of 100 h of cyclical operation with BC
tightened and aligned. This includes the apparatus for theil are logged as specified in 11.4.5. Hourly BSFC measure-
flying flush oil change system. ments are routinely recorded. The intense care for precision
11.1.3 Oil Charge for Coolant Flush-Service both oil required for test operation is not required for cyclical break-in
filters (see 6.6.5.9) to ensure they are clean and that the sealperation (see 11.4.4). After each 10 h of cyclical operation,
are in good condition. Charge the engine with 5.68 L (6.0 gt)the engine is brought to Stage 1 test conditions (see Table 2),
of fresh BC oil. Check the oil level and add as necessary tatabilized for 1 h, and six 5-min BSFC readings are taken. This
bring oil level tofull level, (see 6.6.5.16). operation should be performed with the care for precision
11.1.4 Engine Coolant Charge for Coolant FlushThe required for test operation. The total minimum length for
hoses or tubing leading from the venturi coolant flowmeter tdoreak-in is 115 h (100 h cyclic, 15 h at Stage 1 conditions).
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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 brokeBtage 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 5.6&t Stage 4.
L (6 gt) 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 4. It is suggestestage 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 4. 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-min11.5.5.6 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 2). Run this 1156.1 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 gt 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 plogt Stage 5.

of time versus BSFC measurements should indicate an overall 11 56.6 Stabilize at Stage 6 (800/2.2/45) and acquire data at
BSFC change after the tenth Stage 1 reading of not more thagtage 6.
1% over four consecutive (70, 80, 90, and 100 h) Stage 1 11 57 Shut down or continue with next non-reference oil.
readings. If the BSFC trend does not meet the suggested 11 5 g Start-Up and Shutdown Proceduresn accomplish-
stability, break-in may be continued as detailed in 11.4.5 untilhg 5 routine engine shutdown, disconnect the fuel lines or
the BSFC trend meets the suggested stability or break-in maygse the fuel valves for the fuel supply after the engine has
be terminated and a BC pre-test verification run (see 10.1). Igeen shut down. Remove the intake air supply duct. It is
either event, a new engine shall meet the BC pre-test Veriﬁcaﬁreferable to shut the engine down at Stage 6 (800/2.2/45)
tion requirements (see 10.1) before a reference test is run. .ongitions.

11.5 Routine Test OperatierIf no operational, calibration, 11.5.8.1 Unscheduled Shutdown and Restafthere are no
or pre-test verification problems occur, non-reference oil test§cheduled shutdown periods in the test. Continuous operation
may be run in a string of up to a maximum of five consecutives expected from initial warm-up prior to flushing in the BC oil
non-reference oil tests without a shutdown being required, fopefore test oil through the final testing of the BC oil segment
example—BC/NR1/BC/NR2/BC/NR3/BC/NRA4/BC/INRS/BC. after the test oil. If an unexpected shutdown does occur, the

An overview of a single non-reference oil test is as followsmaximum allowable downtime per test is 10 h. Only four

(r/min,kW,oil temp °C): _ . ~ unscheduled shutdowns per test are allowed, and the maximum
11.5.1 Complete pre-test maintenance. A checklist for maingjlowable downtime in any one unscheduled shutdown is 8 h.
tenance is shown in Table A11.1. If unexpected shutdowns occur, the following guidelines apply:
11.5.2 Start engine. Testing Phase Restart and Continuation Procedure
11.5.3 Warm up to flush conditions (1500/15.4/125). . f
f During Stabilization Runs Return to start of current step. Continue
11.5.4 DOUbIe_ _fIUSh to BC all. . on existing schedule without deleting any
11.5.4.1 Stabilize at Stage 1 (800/2.2/105) and acquire data of actual running stabilization time.

for Stage 1.
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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

) ) ) ) o ) turned off, the solenoids switch so that oil starts recirculating to the engine

During Oil Flushes or During Test  Continue on existing schedule without de- as the sump fills to 5.68 L (6 qt). When the oil level in the sump reaches

Oil Aging leting any of the prescribed operating

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.

time.

11.5.9 Flying Flush Oil Exchange ProceduresThese
flushing procedures involve oil exchanges without stopping th
engine. In all cases, bring the engine to stage flush (1500/15.
125) temperature conditions (see Table 1) before initiating an)}"es' :
flush. Flushing checklists are provided in Annex A5. ©) Reaccompllsh Steg. . . .

11.5.9.1 Detergent Flush- This procedure is intended to (f) Allow theoeng[ne 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 ©) Rgaccomplish_ Steg.
detergent?‘lush in the following step%: P (h) Bring the engine to Stage Age (see Table 1).

(a) Heat the BC flush oil and BC oil external reservoirs 11.5.9.3Double Flush Fro_m BC. Oil to BC G#-This
within the range from 93 to 107°C (199.4 to 224.6°F). procedure removes the previous oil and is performed when

. . . flushing from BC oil to BC oil between strings of test oil tests.
(b) Bring the engine to 1500 r/min, 98 N-m (72.3 Ibf-ft) load . . : oo ;
at stage flush temperatures (125°C/257°F oil). A checklist for this double flush is shown in Fig. A5.3. This

. . . double flush is accomplished as follows:
(c) Switch external oil system (see Fig. A2.9) to flush mode (a) Heat the test oil in the external reservoir within the range

and allow the engine to draw 5.68 L (6 gt) of BCF flush oil from 93 to 107°C (199.4 to 224.6°F).
while 5.68 L (6 qt) of oil is being scavenged from the oil sump. (b) 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 at stage flush temperatures (125°C/257°F oil).
oil level in the dump tank reaches the 5.68 L (6 qt) level and the float level (c) Switch the external oil system to flush mode (see Fig.
switch tin the dump tank turns off the scavenge pump. When the scavengg? 2) and allow the engine to draw 5.68 L (6 qt) of test oil

pump is turned off, the solenoids switch so that oil starts recirculating tuhile 5.68 L (6 qt) of oil is being scavenged from the oil sump
the engine as the oil sump fills to 5.68 L (6 gt). When the oil level in the ' '

sump reaches the full level (5.68 L) (6 qt), the float level switch in the oil Note 7—The scavenge pump will draw oil until the level in the oil
pan closes the solenoid to the oil reservoir and the oil then fullydump tank reaches the 5.68-L (6-gt) level and the float level switch in the
recirculates to the engine. dump tank turns off the scavenge pump. When the scavenge pump is

. . . . turned off, the solenoids switch so that oil starts recirculating to the engine
(d) Allow th? 9”9'”9 to continue running at 1500 r/min, 15 as the sump fills to 5.68 L (6 gt). When the oil level in the sump reaches
kW load, 125°C oil temp fp2 h atstage flush temperatures. the full level 5.68 L (6 qt), the float level switch in the oil pan closes the

(e) With BC oil at the specified temperature for flushing, solenoid to the oil reservoir, and the oil fully recirculates to the engine.
switch to the BC oil reservoir and reaccomplish S@pvith
BC (flush, fill, run).

. ® _,IAIIow the engi?e to cor}tinue runni?lg aht 1500 r/min, 125 temperatures.
C oil temperature for 30 min at stage flush temperatures. (¢) Reaccomplish Ste@.

(9) Reaccomplish Ste@. with BC oil. _ (f) Allow the engine to continue running at 1500 r/min, 15

(h) Allow the engine to continue running at 1500 r/min, 125 .\ load, 125°C oil temperature for 30 min at stage flush
°C oil temperature for 30 min at stage flush temperatures. temperatures.

(i) Reaccomplish Ste@. with BC oil. (g) Reaccomplish Steg.

() Return the engine to Stage 1 (800 r/min, 2.2 kW, 105°C), (h) Return the engine to Stage 1 (800 r/min, 2.2 kW, 105°C),
and follow stabilization procedure for BSFC measurement withand follow the stabilization procedure for BSFC measurement
BC oil. with BC oil.

11.5.9.2Double Flush From BC Oil to Test G#This 11.5.10 Test Operating StagesTable 2 depicts the test
procedure removes the previous oil and is performed whegperating conditions for the stages, Table 9 depicts the sched-
flushing from BC oil to test oil. A checklist for this double flush yle of operation, and Fig. 1 depicts the method of obtaining
is shown in Table A4.2. This double flush is accomplished asuel flows and BSFC'’s for results comparison.
follows: 11.5.10.1 After an engine has been broken in and tests

(a) Heat the test oil in the external reservoir within the rangeindicate that the engine responds properly to a reference oil,
from 93 to 107°C (199.4 to 224.6°F). then test oils can be evaluated relative to BC oil. This entails

(b) Bring the engine to 1500 r/min, 98 N-m (72.3 Ibf-ft) load comparing the total fuel consumed (mass) for aged test oil run
at stage flush temperatures (125°C/257°F oil). at the six stages with that of the average of the fresh BC oil run

(c) Switch the external oil system to flush mode (see Figbefore and after the test oil.

A2.3) and allow the engine to draw 5.68 L (6 qt) of non- 11.5.11 Stabilization to Stage ConditiorsAfter the flying
reference oil while 5.68 L (6 qt) of oil is being scavenged fromflush to each oil (BC or test oil) and for the change to each
the oil sump. stage, a stabilization timef @ h is specified prior to beginning

(d) Allow the engine to continue running at 1500 r/min, 15
W load, 125°C oil temp for 30 min at stage flush tempera-

(d) Allow the engine to continue running at 1500 r/min, 15
kW load, 125°C oil temperature for 30 min at stage flush
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TABLE 9 Test Schedule Integrated speed (r/min) to one decimal place,
Estimated Integrated load (Nem) to two decimal places, and
E'T?lpsed Integrated fuel flow rate (kg/h) to three decimal places.
BC Oil Test r::,fA 11.5.12.1 Calculate BSFC measurements as in Eq 3 for each

Start, warm-up to stage flush, double flush to BC 200  Of the six steps in each stage to four decimal places and record
S60, BSFC/fuel flow x 6 at Stage 1° 1:30  after rounding (see Practice E 29) the average for each stage to
ggg' ggig%: I:gx i 2 2: g:ggz g 1{28 five decimal places. Calculate the coefficient of variation (C.V.)
S60. BSFC/fuel flow 6 at Stage 4 139 Of the six BSFC determinations. Due to the low engine
S60, BSFC/fuel flow x 6 at Stage 5 1:30  operating speed and low fuel consumption in Stages 1, 2, and
560, BSFC/fuel flow X 6 at Stage 6 Subiotal ﬁfgg 6, it is recognized that the C.V. for these stages may tend to be

higher than for Stages 3, 4, and 5.

Test Ol Test (a) A test cannot be deemed operationally invalid for high
Warm-up to stage flush, double flush to test oil 1:30 C.V. alone.
Age 16 h at stage age 16:00 . - .
S60, BSFC/iuel flow X 6 at Stage 1 1:30 11.5.13 Data Logging— Utilize the format shown in Report
$60, BSFC/fuel flow X< 6 at Stage 2 130 Format A7. Include formal log sheet numbers and other
co0. BoFCluel fow < o & ggggi 1% administrative details as laboratory policy may require. In
S60, BSFC/fuel flow x 6 at Stage 5 130  operations that involve comput_erized data acquisition systems,
S60, BSFC/fuel flow X 6 at Stage 6 1:30  refer to the ASTM TMC for guidance.

Subtotal 26:30 11.5.14 BC Oil Flush Procedure for BC Before Test QiAt
s st, i is war u S us

BC Oil Test the start of test, the engine armed to stage flush
Warm-up to stage flush, detergent flush to BC 330  conditions (see Table 1) and the BC oil is flushed into the
co0. BoFCluel fow < 0 & gggg; 130 engine without shutting the engine down. The sequence of
S60, BSFC/fuel flow X 6 at Stage 3 130  events for this flush are as follows (see 11.5.9.3 and Fig. A5.3):
60, BSFC/fuel flow x 6 at Stage 4 1:30 11.5.14.1 Warm engine to stage flush.
S60, BSFC/fuel flow X 6 at Stage 5 1:30 .
S60, BSFC/fuel flow X 6 at Stage 6 1:30 11.5.14.2 Double ﬂush to BC_ oil. o

Subtotal 12:30 11.5.14.3 Proceed with BC oil BSFC data acquisition.
End of test shutdown . :
overall total 50:00 11.5.15BSFC Measurement of BC Qil Before Test-Oil

- — ; — Run Stages 1 through 6 as detailed in Table 2. Obtain six BSFC
'‘Adhere to stabilization times and times for the six replicate BSFC measure- . L.
ments. Warm-up and cool-down times included in flushing elapsed times are measurements at each Stage accordmg to the critical data
estimates (see 11.5.9.1, 11.5.9.2, and 11.5.9.3). acquisition period as detailed in Fig. 1 and 11.5.12.
Example—Stabilize 60 min followed by six replicate BSFC measurements at : : ;
5-min intervals (3 min for set-up, 2 min for time averaged BSFC with Stage 1 ;1'5'15.'1 When six data points have been obtained at Stage
operating conditions). 1, immediately calculate the C.V. for the mean BSFC of the six
o ) runs. If the runs are satisfactory, continue on to Stage 2, 3, 4,
the BSFC measurement cycle. This time is that which elapses 3nd 6 as shown in Table 2.
bereen initially ghqnglng the. speed/load/temperature set 11 5 16 Test Oil Flush Procedure-After the BC oil before
points and the beginning of the first BSFC measurement cyClgyst ojl segment is completed, the test oil is flushed into the
for that stage. It, therefore, includes the time during which theengine without shutting the engine down. The sequence of

temperatures are changing. Manage the speed, load, coolaglens for this flush are as follows (see 11.5.9.2 and Fig. A5.2):
and oil temperature control loops such that the processes areq; 5 151 pouble flush to test oil. and

brought to the desired set points expeditiousiatning—If
stabilization or oil flush times are extended owing to opera-

tional problemg,_ the test results may be adversely inﬂuencedt()est oil aging at stage aging which are the same conditions as
11.'.5'12. Stab|||_zed BSFC Measurement Cyelfter the stage flush (see Table 1). The 16-h interval starts when the
stabilization period (1 h) has elapsed for each stage, run g

series of six BSFC measurements by the cycle that is describeé’Uble flush propedure is completed and ends at th_e t|me the
Stage age set points are changed to Stage 1 for stabilization and

in Fig. 1. During this 30 min period, control the operating

= o BSFC measurement.
conditions for all of the critical parameters as closely as 115.17.10il C tion Durina Adine-Monitor test oil
possible to the mean value as shown in Table 2. A minimum of """ t: Id Qnsuthmp'logh uring glqg;j gnl Ot: estol th
100 data points are required for speed, load, fuel flow rate, angPnsumption during the 16-h aging period by observing the

AFR for integration during each six of the approximate 2 min;_untnirg)ghoﬂf Ie\{el n thE efnglr;]e fslurgdp't\'/lewmg window. In thti i
(100 to 120 s) data sample intervals. A minimum of a singleIrS of aging, make Iresh olf adaitions as necessary so tha

: e oil level will not be below the full mark at the end of the
igﬁlﬁe SZhEL (r)i?(;j IQS gkgﬁcguﬁgéh:agah%g a;garlnzegeézt;hsmp@ h period. No oil additions are allowed after the first 10 h of
period. BSFC is calculated for each of the six stages as follow$9'n9- The oil level may not be more than 475 mL (16 02)

S ' : above the full mark at any time. If the oil level is above the full
Table 10 shows detailed information for calculation of BSFC'mark at 16 h of aging, drain the oil back to the full mark.

(integrated fuel flow (9549.3 , Record all oil adds and drainswarning—The oil level is
: : — BSFCinkgkWh (3 9
(integrated load (integrated speed . © normally considerably higher in the viewing window when the
where: engine is operating at stage age than when operating at the

11.5.16.2 Proceed with test oil aging.
11.5.17 Test Oil Aging— A 16-h time period is specified for
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1:00 hour

0:30 hour

STABILIZATION PERIOD

Beginning
of Stage

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

:03

CRITICAL DATA ACQUISITION PERIOD

Start time is when
controller setpoints
are changed.

Establish operating
conditions precisely.

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

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.

FIG. 1 Data Acquisition Sequence

TABLE 10 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 Sl Units:

(fuel flow, kg/h)(9549.3)
(speed, rimin) (Torque, Nem)

BSFC = (@)

In Inch-pound Units:
(fuel flow, Iblh)(5252)

BSFC = (speed, rimin) (Torque, Ibf—ft) @

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.
11.5.17.3Data Logging During Aging-A trouble log and

aging of the test oil, run Stages 1 through 6 as detailed in Table
2. Obtain 6 BSFC measurements at each stage in accordance
with the critical data acquisition period as detailed in Fig. 1 and
11.5.12.

11.5.18.1 When six data points have been obtained at Stage
1, immediately calculate the C.V. for the mean BSFC of the six
runs. If the runs are satisfactory, continue on to Stage 2, 3, 4,
5 and 6 as shown in Table 2.

11.5.19BC Oil Flush Procedure for BC Oil After Test
Oil—After the test oil segment of the test is completed, flush
BC oail into the engine without shutting the engine down. The
sequence of events for this flush are as follows (see 11.5.9.1.
and Fig. A5.1):

11.5.19.1 Detergent flush to BC oil, and

11.5.19.2 Proceed with BC oil BSFC data acquisition.

11.5.20 BSFC Measurement of BC Oil After Test-GiRun
Stages 1 through 6 as detailed in Table 2. Obtain six BSFC
measurements at each stage in accordance with the critical data
acquisition period as detailed in Fig. 1 and 11.5.12.

11.5.20.1 When six data points have been obtained at Stage

oil consumption record are also required. Fuel consumptiod, immediately calculate the C.V. for the mean BSFC of the six
measurements and other operating conditions are recorded rans. If the runs are satisfactory, continue on to Stage 2, 3, 4,
least on an hourly basis. More frequent data logging i, and 6, as shown in Table 2. When the BC after test oil is
encouraged since averaging of repeat BSFC measurementscigmpleted, calculate the BC shift as follows:

desirable in this test.
11.5.18 BSFC Measurement of Aged Test-OAfter 16 h of

22

(@) Reference test: ((RBC1KG-RBC2KG) + RBCI1K®&)
100 (see Fig. A7.3).



b D 6202

(b) Non-reference test: ((BC1KG-BC2KG) + BC1KG&

100 (see Fig. A7.3).

11.5.20.2 It is recommended that the BC shift not exceeghe validity of the test at the bottom of the report title page (Fig.

0.5 %. However, a test cannot be deemed operationally invalid7 1) which is signed by the person responsible for conducting
for high BC shift alone.

11.5.21 General Test Data Logging FormsUtilize the

13. Final Test Report
13.1 Validity Statement-Include a statement pertaining to

the test.
13.2 Report Format— The standard ASTM Sequence VIA

format shown in Annex A7. Include formal log sheet numbersiest report forms are shown in Annex A7.

and other administrative details as laboratory policy may 132 1 BC Start Date— The BC start date is defined as the

require. In operations that involve computerized data acquisigate when the BC before test oil flush enters into the engine.
tion systems, refer to the ASTM TMC for guidance.

11.5.22 Diagnostic Review ProceduresTo ensure test op-
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.
13.2.3 Non-Reference/Reference Qil Start DafEhis is

intervals during the test. The final review after the test isgefined as the date when the first non-reference or reference
completed is only partially effective in identifying problems, iest oil flush enters into the engine.

since the indicated data cannot be cross examined by first hand{3 2 4 Non-Reference/Reference Oil Start TisdBhis is

tial and often the record for information parameters (dependengst oil flush enters into the engine.

variables) indicate problem areas involving the primary control 13 2 5 Total Engine Hours at End of TestThis is defined

parameters. The following parameter response characteristigg the cumulative engine hours at the completion of BC after
are significant:

11.5.22.1 Stabilization trends,

11.5.22.2 Air fuel ratio stability,

11.5.22.3 Fuel flow stability,

11.5.22.4 Intake manifold vacuum/absolute pressure,
11.5.22.5 Speed,

11.5.22.6 Load, and

11.5.22.7 Exhaust back pressure.

12. Determination of Test Results

12.1 Calculate the test results as detailed in Table 11.

TABLE 11 Calculation of Test Results

Test Nominal Nominal Nominal Time
Stage Speed, Power, Oil Temperature, Factor,
r/min kw °C h

1 800 2.18 105 0.077472
2 800 2.18 70 0.082500
3 1500 5.81 70 0.035417
4 1500 15.39 70 0.078250
5 1500 15.39 45 0.033139
6 800 2.18 45 0.045444

a1

e}

10

For test Stage 1, Steps 1 through 6, round and record the 5-min BSFC
measurements to four decimal places using ASTM rounding.
Average the BSFC measurements of the six steps to five decimal places
using ASTM rounding. Units for BSFC are kg/Kw-hr.
Multiply the average by the shown nominal power and time factor for Stage
1 and record the answer to six decimal places. The unit for this number is kg
of fuel consumed.
Perform calculation Steps 1, 2, and 3 for the remaining test Stages (2 to 6)
using the respective nominal power and time factors.
Total the mass fuel consumption values for all six stages.
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
improvement result. This stage was found to produce stable fuel
consumption levels because the small changes in friction due to the oil were
a very small percentage of overall engine friction relative to the total engine
power output.
Complete the total fuel consumed calculation detailed in Steps 1 to 5 for the
BC oil immediately preceding the test oil, the test oil, and the BC oil
immediately after the test oil.
Calculate the average BC fuel consumption with BCpecede @nd BCygier-
Compute the test oil fuel economy improvement (FEI) as follows:

% FEI = {[BCayerage- TeSt Olll/BCoyerage} X 100
Adjust the FEI result on non-reference tests for the stand/engine severity in
accordance with Annex A7.

test oil.

13.2.6 Test Duratior— Engine hours accumulated during
BC before test oil through BC after test oil.

13.2.7 Fuel Batch—This is defined as the batch number for
the most recent batch of fuel that has been put into the fuel tank
(it is recognized that in most cases a fuel tank will not be
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
batches).

13.2.8 Oil Viscosity MeasurementMake the viscosity de-
terminations on non-reference oils only in accordance with
Test Method D 445. Make and report viscosity determinations
at 40°C and 100°C (see Fig. A7.2) for new oil and for aged (16
h) oil.

13.2.9Use of Sl Units— Report all results in SI units.
Follow the rules for conversion of inch-pound units to Sl units
as described in IEEE/ASTM SI-10.

13.2.10 Precision of Reported UnitsUse Practice E 29 for
rounding off data. Use the rounding-off method to report data
to the required precision.

13.3 Data Dictionary— The Data Dictionary is shown in
Appendix X2.

14. Precision, Validity, and Bias

14.1 Precision—Test precision is established on the basis of
reference oil test results (for operationally-valid tests) moni-
tored by the TMC. The data are reviewed semi-annually by the
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 inTable 12

Note 8—Contact the ASTM TMC for up-to-date data.

14.1.2 Repeatability (3—This is defined as the difference
between successive results obtained by the same laboratory
under constant operating conditions on the same oil would, in
the long run, in the normal and correct conduct of the test
method, exceed the values shown in Table 13, in only one case
in twenty.

14.1.3 Reproducibility (R}—This is defined as the difference
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TABLE 12 Reference Oil Precision Data 14.2.1 Test Stand Calibration StatusThe essential require-
oil N Mean Standard Deviation + 1.80 s ments of 10.1 and 10.2 provide the basis for official recognition
1002 5 0.37 0.17 0.06 — 0.68 of test stand calibration.
530 8 -1.72 0.18 -2.04 - -.140 P : . .
31 5 0.6 0.36 029101 14._2..2 Validity Interpretation of _DeV|.ant.Operat|onaI
532 9 0.64 0.23 0.23-1.05 Conditions—In the general case, engineering judgment at the
533 9 0.67 0.25 0.22-112 laboratory governs the validity acceptance of tests having
534 5 0.58 0.22 0.18 — 0.98 . . . L . .
535 9 139 014 114 — 164 deviant operational history. The TMC is involved in this
536 5 1.05 0.14 0.80 - 1.30 process for tests conducted using reference oils and is available
for consultation for tests conducted on non-reference oils.
TABLE 13 S b  Ref oil Precisi Averages of critical parameters (speed, load, exhaust back
equence ys‘?';?/sgcs g erence DIt Frecision pressure, engine oil gallery temperature, engine coolant in
. — — temperature, intake air temperature, fuel to fuel rail tempera-
Variable Repeatability Reproducibility . . .
S.P \E S<P RE ture, and AFR), taken as sets of six 5 min readings at test
Fuel economy improvement, % " " 0.15 0.42 Stages 1 through 6 that do not meet procedural specifications,

AThese statistics are based on results obtained on Test Monitoring Reference will invalidate a test if the BSFC values from such deviant
Ol 529, 31, 534, 535 1, 536, and 1002 . . blocks of data are used in the final computation of the results.
epeatability values refer to tests run on the same oil in the same stand/engine . I .
combination. Excursions during the six passes that make up the average are

CReproducibility values refer to test run on the same oil on different stand/engine acceptable as |0ng as the average is within procedural limits.
combinations.

D's = standard deviation 14.3 Bias—Bias is determined by applying an acceptable

EOn the bagls of test error alone, the dlfference, in absolute value, bemeen two statistical technique to reference oil test results, and when a
test results will be expected to exceed this value only about 5 % of the time. - . . . . . . .

FDue to limited data these values are not available. significant bias is determined, a severity adjustment is permit-

. . _ ted for non-reference oil test results (see Annex A8).
between two single and independent results obtained by

different operators working in different laboratories on theis Keywords

same oil would, in the long run, in the normal and correct ) . o . ]

conduct of the test method, exceed the values shown in Table 15.1 aged test oil; break-in; calibration oil; flying flush; fuel

13, in only one case in twenty. economy; pre-test verification; reference oil; Sequence VIA;
14.2 Validity—The following guidelines provide a basis for spark-ignition automotive engine

judgements regarding the validity of test results. The ASTM

TMC administers reference test requirements utilizing these

and other guidelines.

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 A1.3 Management of the ASTM TMEThe management of
(TMC)—The ASTM TMC?is a non-profit organization located the Test Monitoring System is vested in the Test Monitoring
in Pittsburgh, Pennsylvania and is staffed to administer engiBoard (TMB) elected by Subcommittee D02.B. The TMB
neering studies; conduct laboratory visits; perform statisticaselects the TMC Administrator who is responsible for directing
analyses of reference oil test data; blend, store, and shifne activities of the TMC staff.
reference oils; and provide the associated administrative func- AL.4 Operating Income of the ASTM TMCThe TMC

tlon_s tol rg'?'mi”: tthe re(;‘_erersc:jng (éangratlon_ttprog[;)rmeBforoperating income is obtained from fees levied on the reference
various lubricant lests as directed by subcommitiee -B anffjig supplied and on the calibration tests conducted. Fee

th_e Test Monitoring Board. The TMC coordinates its aCtiYitieSschedules are established and reviewed by Subcommittee
with the test sponsors, the test developers, the survelllanc[sole‘
panels, and the testing laboratories.
Al1.5 Conducting a Reference Oil Test

Al.2 Rules of Operation of the ASTM TMEThe TMC A1.5.1 For those laboratories that choose to utilize the
operates in accordance with the ASTM Charter, the ASTMservices of the ASTM TMC in maintaining calibration of test
Bylaws, with Regulations Governing ASTM Technical Com- stands, full-scale calibration testing shall be conducted at
mittees, the Bylaws Governing ASTM Committee D02, and theregular intervals. These full-scale tests are conducted using
Rules and Regulations Governing the ASTM Test Monitoringcoded reference oils supplied by the ASTM TMC. It is a
System. laboratory’s responsibility to keep the on-site reference oil
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inventory at or above the minimum level specified by the TMCSubcommittee D02.B. By this means, the Society due process
test engineers. procedures are applied to these Information Letters.

A1.5.2 When laboratory personnel decide to run a reference A1.8.2 The review of an Information Letter prior to its
calibration test, they shall request an oil code from thepriginal issue will differ in accordance with its nature. In the
cognizant TMC engineer. Upon completion of the reference oitase of an Information Letter concerning a part number change
test, the data shall be sent in summary form (use TMCthat does not affect test results, the TMC is authorized to issue
acceptable forms) to the TMC by telephone facsimile transsych a letter. Long-term studies by the Surveillance Panel to
mission, or some other method acceptable to the TMC. Thenprove the test procedure through improved operation and
TMC will review the data and contact the laboratory engineehardware control may result in a recommendation to issue an
to report the laboratory’s calibration status. All reference oilinformation Letter. If obvious procedural items affecting test
tests, whether aborted, invalidated, or successfully completegesults need immediate attention, the test sponsor and the TMC
shall be reported to the TMC. Subsequent to sending the datgill issue an Information Letter and present the background
in summary form to the TMC, the laboratory is required toand data to the Surveillance Panel for approval prior to the
submit to the TMC the written test report specified in the tessemiannual Subcommittee D02.B meeting.

procedure. A1.8.3 Authority for the issuance of Information Letters
was given by the committee on Technical Committee Opera-
tions in 1984, as follows: “COTCO recognizes that D-2 has a
igue and complex situation. The use of Information Letters
approved providing each letter contains a disclaimer to the
ect that such has not obtained ASTM consensus. These
nformation Letters should be moved to such consensus as
apidly as possible.”

Al1.8.4 Information Letters appertaining to this procedure
6555 Penn Ave. [ssyed prior to 1996—7—0_9 are incorporated in_to this standard. A
Pittsburgh, PA 15206-4489 listing of such Information Letters, and copies of the letters,

' may be obtained from the TMC. Information Letters issued

A1.7 Introducing New Sequence VIA Reference Oihe  subsequent to this date may also be obtained from the TMC.
calibrating reference oils produce various fuel economy re-
sults. When new reference oils are selected, member laborato-A1.9 TMC Memoranda-In addition to the aforementioned
ries will be requested to conduct their share of tests to enablgformation Letters, supplementary memoranda are issued.
the TMC to establish the proper industry average and testhese are developed by the TMC and distributed to the
acceptable limits. The ASTM D02.B0.01 Sequence VIA Sur-Sequence VIA Surveillance Panel and to participating labora-
veillance Panel will require a minimum number of tests totories. They convey such information as batch approvals for
establish the industry average and test acceptance targets fest parts or materials, and clarification of the test procedure,

Al1.6 New Laboratories-Laboratories wishing to become
part of the ASTM Test Monitoring System will be requested to
conduct reference oil tests to ensure that the laboratory is usirfg]
the proper testing techniques. Information concerning fees:
laboratory inspection, reagents, testing practices, appropria
committee membership, and rater training can be obtained
contacting the TMC Administrator at:

ASTM Test Monitoring Center

new reference oils. notes and suggestions of the collection and analysis of special
) data that the TMC may request, or any other pertinent matters
Al1.8 TMC Information Letters having no direct effect on the test performance, results, or

A1.8.1 Occasionally it is necessary to change the procedurgrecision and bias.
and to notify the test laboratories of the change, prior to
consideration of the change by either Subcommittee D02.B on A1.10 Precision Data—The TMC determines the current
Automotive Lubricants, or ASTM Committee D02 on Petro- Sequence VIA test precision by analyzing results of calibration
leum Products and Lubricants. In such a case, the TMC wiltests conducted on reference oils. Current precision data can be
issue an Information Letter. Information Letters are balloted byobtained from the TMC.

A2. DETAILED SPECIFICATIONS AND DRAWINGS OF APPARATUS

A2.1 Figs. A2.1-A2.24 present the detailed specifications
and drawings of apparatus.
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SYMBOLS AND ABBREVIATIONS

100

o} COMMON ) MANUAL VALVE (SHUT-C-F
CHW  CHILLED WATER (ST OR 40F BRINE TEMP
' §\/ COND CONDENSATE | 1O MANUAL VALYE (BALASC NG
CP1 CONTROL PANEL FOR HVAC & DESICANT
e DRYER UNITS (BY MANUF.) CHECX VALVE
105 CP2  CONTROL PANEL FOR TEMPERATURE AND
HUMIDITY SETPOINTS i SOLENOID VALVE
— CP3  CONTROL PANEL fOR CHILER UNT
- . )
CONTROL VALVE
AND LEVEL GAUGE — CTCV  CAPILLARY TEMPERATURE CONTROL VALVE i -
NORMALLY CLOSED PRESSURE CW  CITY WATER SELF CONTAINED PRESSUR:
m CAP SET AT 5 — 10 PSIG Ay WAL e @1 REGULATING VALVE
SG—~2 o RoW BDENT ) W
A FLOW INDICATOR (MANUAL
SWITC! SELF CONTAINED TEMPERATURS
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 5o %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£ 4 /) PS  PRESSURE SWITCH pEsow oF Y
uan 103 S SOLENOID DEVICE
— METER e/ g, o
o TCV  TDMPERATURE CONTROL VALVE
o o TE  TOMPERATURE ELEMENT NCEY
Zz| [Z8 n TEMPERATURE INDICATOR (MANUAL) L s
s TEMPERATURE SWITCH
Bl (B By
V gé W)% FUNCTION
5l |8
g5 |¢B A
x
m /O _8 | ()—
oo |
/N
104
PUMP, P—1 ﬂ 1su:( )
HX—1 CONNECTOR (TyP
] p! A
. JJ ? 7 | ¢
% PROVIDE SPACE FOR
11 POSSIBLE CALIBRATION
t foP-1 “ov FLOW METER o
B i ORIFICE PLATE WITH v
100 103 103
\\/ g PRESSURE DROP EQUAL 2/ / !
| TO HX~1  ENGINE COOLANT SYSTEM AV—I] )
.t v u
TCV / O\
104 \ 104/ CM PE

FIG. A2.1 Engine Cooling System
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RESERVIIR
1 1/2* ~— FROM ENGINE
B SIGHT GLASS (SG-1)
& ~ =T ENGINE
o~ 1172
S
=
™ FLIW MODULATION VALVE
FCV-103
?u ~
: —
~ x
T
— o
FE-103 g
<T
5
3 wAY & g |5
VALVE =
—
]
T _
CV-104 ——_| £
L
2* TO 1* BELL
UNION

MOTOR

11/2 101 1/4 BELL
FIG. A2.2 Typical Engine Coolant System in Air-to-Close Configuration
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RESERVOIR

11/2 in.
1172 anA FROM ENGINE

SIGHT GLASS (SG—1)
~— 7O ENGINE
11/2 in.

FLOW MODULATION VALVE
FCV-103

2 T0O11/2 in. BELL

11/2 in.

=
£
= &=
FE—-103 Q
=z
<
5
g | =
z
5=
L
I
2 TO 1 in. BELL
UNION
UNION
MOTOR
11/2 TO 11/4 in. BELL

FIG. A2.3 Alternative Engine System Configuration

A3. OIL HEATER CERROBASE REFILL PROCEDURE

A3.1 The cylinder that holds the Cerrobase, Chromalox A3.5 Hold the heater element in a vise across the hex flats.
heater element, and thermocouple is called the cartridge. TakRemove the thermocouple. Play the torch along the heater
the cartridge out of its insulated case at the engine by backinglements and wire brush, as necessary, to remove oxide.
out six 3 8-16 hy7shex head screws. Hold the cartridge upright

in a vise at the work bench. A3.6 Replace the cartridge in the vise and heat it with a

torch. If the Cerrobase is clean and bright, reuse it. In any case,

A3.2 Remove the cable cover and cable connections at thmelt 8.5 Ibs of Cerrobase, enough to fill the cartridge about
heater element. It is a good idea to make a sketch of the cabteso-thirds full. A good way to melt the Cerrobase is to hold the
connections and shorting bars because this arrangement is fatlle in a vise. Heat the ladle and Cerrobase until melted,

always the same. Remove tWweNPT pipe plugs at the top of remembering to put occasional heat on the cartridge to keep
the cartridge so that the Cerrobase chamber will be fully vente@€errobase in the cartridge liquid. Pour from the ladle carefully
to atmosphere. to avoid splashing. Avoid thermal shock by keeping all parts

) ) . coming into contact with Cerrobase well heated.
A3.3 Using an acetylene torch, play it on all accessible

surfaces of the cartridge until the Cerrobase is completely A3.7 Preheat the heater element and immerse it in the
melted. The Cerrobase must be liquid. Check with a preheatdijuid Cerrobase. Pull up on the 3-in. hex to secure the
welding rod through one of thi&NPT holes. Put a wrench on assembly. Screw the heater funnel into one of#RPT holes.

the 3-in. hex flat and try to remove the heater element from th&he heater funnel is made up of a heavy wall funnel welded to
cartridge. Again, be sure the Cerrobase is completely melted 3-in. long,¥s in. pipe nipple. Warning—Do not over-torque
before screwing out on the 3-in. hex. Cerrobase melts at 255°khe 3-in. hex because differential contraction can lock the hex.)
Don't force the hex. Keep heating the cartridge and pumping

the wrench until the heater element can be backed out of the A3-8 Keep playing the torch on the cartridge while work-
cartridge. ing, and when the heater funnel has been screwed in place, heat

it also. Finish filling the cartridge with Cerrobase. Look

A3.4 After removing the heater element, lay it aside andthrough the opefrs NPT hole to see the Cerrobase liquid level
pour the melted Cerrobase out of the cartridge into a suitablgnd pour Cerrobase through the funnel until the liquid level is
dry receiver. Keep heat on the cartridge and be sure it isvithin 2.250 and 2.375 in. of the top of the plug. As shown on
completely empty of Cerrobase and oxide. Clean all surfaces afD-428, this will leave expansion space for the Cerrobase in
the cartridge thoroughly by heating and wire brushing. the cartridge. If the cartridge should be overfilled, use the
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000 000 /
SPACE
N Shane 17 ®| ALLOCATED |®
ALLOCAYED
11/2" Cs FOR SIGNAL CIOIII;IN%OE%')Q(
A WIRING BOX [P Ad L3

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

O 17 CHILLED
WATER RETURN

O 1" CHILLED
WATER SUPPLY

1° HOT
O WATER RETURN

HoT
O WATER supPLY

Su-1 Q01

Qao-

&
= — -

FRONT VIEW

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

Ll L ! L] [ l | | I I SUPPLY TO ENGINE  RETURN FROM 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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FRONT VIEW
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ENGINE COOLANT PLATE)
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FIG. A2.5 Engine Cooling System - Front View

30




\___TQ
\ [ﬂ CER)

\ m—ﬁ \ Av—xi

15105, howd Tz cs
OVERFLOW w
1 INSTRUMENT
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RESERVOIR —
REFER TO OWG
M18 FOR DET.
sc-

2" PROCESS COOLING
WATER SUPPLY O —_— g
11/2° &R
&
@
u[(@))]m O O] i
2 PROCESS COOUNG SG-1 . w
WATER RETURN o — X
0PT-1 ‘ el
Wi O .
vk Sy O
- 11/7 &R
ik O
- 8
wATER "SUPPLY @) i

16‘(‘-
ov-1 8
o O
bl ST T g 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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FIG. A2.7 Water Pump Plate
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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
cv TYPE POSITION
TAG # TYPE GPM TENP P(»:;s DROP SIZE TYPE osh
1) sy
PROCESS | 011 ZWAY B PNEUMATIC, SFRING AR TO 37015 | PADGER METER INC MODEL4 | OR USE AIR TO OPEN MODELA !
TCV-101 WATER 5090 150 ! GLOBE | (LINEAR) | OPPOSED DIAPHRAGM CLOSE 9001GCWIESVIARRAI6 9001GCW36SV 1AX036
ENGINE 2WAY 20 PNEUMATIC, SPRING AIR TO S1o1s | PADGER METER INC MODELK .
FOVAG | LaNT » 100220 »m : GLOBE | (LINEAR) | OPPOSED DIAPHRAGM CLOSE 003GCWIESVIAILIG
ENGINE , TWAY 160 PNEUMATIC, SPRING ARTO 31015 | BADOER METER INC MODEL¥ OR TO USE AIR TO CLOSE .
Tev-ld cooLant | ¢ 100230 1 B MAX) : GLOBE | (LINEAR) | OPPOSED DIAPHRAGM OPEN 9003TCW3IESV'1A29L36 MODELH 5003TCW36SVIA29L36
DIFFERENTIAL PRESSURE TRANSDUCER
FLUID CONDITIONS TRANSDUCER
SERVING
EQUIP FLOW DIFF
TAG# METER . press | MIVMAX | INLET | ouTPuT MANUFACTURER AND REMARKS cLass
sumper | FLUIDTYPE | aem | RS FLUID prEss | sioNaL MATERIAL MODEL NUMBER
: TEMP I ! DC
wC) Fy @®sh) v DO)
DPT-t FE-103 szﬂ:‘:,r 35 0-50 100220 sm 05 ST’S‘;ZEESS VIATRAN MODEL #274 PROVIDE MOUNTING BRACKET 2
DRAIN / SHUT-OFF / CHECK VALVES
FLUID CONDITIONS VAL VE BODY
. MINIMAX
EQUIP MAX PRESS - MANUFACTURER AND
FLUID TYPE FLUID TEMP SIZE MATERIAL TYPE Ccv
TAG # " s MOGEL NUMBER REMARKS | cLass
END CONNECTIONS 10
DV-1 ENGINE COOLANT 1007220 15 e BRASS 2WAY_ BALL Nnaco:gs:,ensg::gan-v-ss, BE FEMALE NPT q
LE
THREADED
£ND CONNECTIONS To
PROCESS, CHILLED, NIBCO SERIES T-560-BR-Y-66,
Dv-2 i 441190 35 w BRASS 2WAY, BALL ROUND HANDLE BE FEMALE NPT 4
THREADED
FLEXIBLE HOSE MATERIALS
FLUID CONDITIONS FLEXABLE HOSE
MINIMAX 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 25(M AR T2 750 MAlfB:‘)‘;LTE’:‘RDESA)DED AERCQUIP FC563-24 2
PROCESS, CHILLED, . MALE NPT THREADED
FH-2 HOT WATER 447150 45 ¥ 500 (BOTH ENDS) AERQOQUIP FC563-16 4
ELECTROPNEUMATIC TRANSDUCERS
TRANSDUCER
EQuIP SUPPLY AR INPUT SIGNAL ACFTUSTOR OUTPUT AIR | AR FLOW| MANUFACTURER
TAG # | PRESSURE (Pst]  (ma DC) Low PRESSURE RATE AND MODEL REMARKS CLASS
REQUIRED {PSH} (SCFM) NUMBER
' TRANSDUCER T0 BE MOUNTED
3 BE{ OF:
ET1 20- 320 47020 37015 4SAT25PSI ‘”P f;::‘i;:zi:‘"‘m TO "PLATE" WITH BACKING FOR 3
VIBRATION ISOLATION
FLOW METERS/ORIFICE PLATES
PROCESS FLUID
5521: TYPE MINMaX MINMAX ]y eay | NLET DESIGN MANUFACTURER AND
FLUID TVPE i} FLOW PRESS REMARKS CLAsS
FLOW (GP] MODEL NUMBER
@M 1 my | TEMPO sy DROP (PS1)
ORIFICE PLATE ENGINE DANIEL SERIES NO. 30 RT ox
FEa0s | oiFFERENTIAL | EROUE 3838 w0020 | 5@ | asmwe | THREADED ORIFICE FLANGE, 11.2140.50 KcPa (43,0420 IN .0 AT 130 LN 2
PRESSURE) 1.5* NPT AND ORIFICE PLATE (043 GPM)
ENGINE ’
oPt ORIFICE PLATE COOLANT 035 100220 e | saTsocem DANIEL ORIFICE PLATE TO PROVIDE PRESSURE DROP 3
. EQUAL TO HX-1 ON ENGINE COOLANT BYPASS

FIG. A2.8 Engine Cooling System Components
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HEAT EXCIHANGERS

PROCESS FLUID COOLING/HEATING FLUID
EQUIP INLET MAX INLET Max
TAG # TYPE FLUID CAPACITY GPM TEMP QUTLET PRESS FLl'JlD GPM TEMP OUTLET PRESS MANUFACTURER AND REMARKS CLASS
TYPE (BTUH) TEMP (F) TYPE TEMP (F} DROP MODEL NUMBER
[3) DROP (PSI) ) ®sn
BRAZED ENGINE PROCESS ITT BELL & GOSSETT BP 75H- 75X 2457 X 307
HX- PLATE COOLANT 0,000 » 103 %83 2 WATER n % 100 ! 20, PN 4-686-06-020-001 2"NPT CONNECTIONS !
LEVEL SWITCHES
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 1001220 (COOLANT RESERVOIR) CLOSED AT LOW LEVEL 12v pe STEEL GEMS SERIES 1950 1S OPTIONAL 4
MISCELLANEOUS EQUIPMENT
EQUIP MANUFACTURER AND MODEL
ESCRIPTION SIZE MATERIAL REM
tace | P NUMBER EMARKS CLASS
142" NPF
SG-1 SIGHT GLASS THREADED BRONZE ERNST GAGELRA;?EEL 472, WITH 3
CONNECTIONS
112" NPT PIPE, STAINLESS ERNST GAGE MODEL 8 SS-FB, NON-
5G-2 SIGHT GAGE 5/8" GLASSOD STEEL AUTOMATIC 3
AS MANUFACTURED BY ARMSTRONG
AV-1 AUTOMATIC VENT ORITT BELL & GOSSETT 4
ENGINE COOLANT
PC-1 RESERVOIR STANT MODEL R 28 Z?ZATAQ;L;RCELSOS?JE[[)E g§E7NPASIT 2
PRESSURE CAP
SWIVEL JOINT .
SJ-1 (ENGINE COOLANT) 112 BRASS AEROQUIP MODEL BD55000-2424-01 4
SWIVEL JOINT
- " BRASS AEROQUIP MO 55000- -
5J-2 (CHILLED WATER) 1 QUIP MODEL 8D! 1616-01 4
PIPING / TUBING MATERIALS
FLUID CONDITIONS PIPING / TUBING
MAX
MINIMAX < ey
FLUID TYPE FLUD | ° o e SIZES MATERIAL CONNECTIONS FITTINGS REMARKS | CLASS
TEMP (F
LB
TYPE L SEAMLESS s
PROCESS WATER 50790 45 112", 314", 1", 1 14" AND 2" | COPPER TUBING, HARD | BRAZED, NPT THREADED OCKET JOINT,
THREADED
DRAWN
TYPE L SEAMLESS
HOT WATER 190/ 190 35 12", 3/4" AND 1" COPPER TUBING, HARD | BRAZED, NPT THREADED SOCKET JOINT,
THREADED
DRAWN
TYPE L SEAMLESS
CHILLED WATER 44144 35 142", 314", 1" AND 1 1/4" COPPER TUBING, HARD | BRAZED, NPT THREADED SOCKET JOINT,
THREADED
DRAWN
TYPE L SEAMLESS
ENGINE COOLANT | 100/220 25 3/4", 1", 1 14° AND 2" COPPER TUBING, HARD | BRAZED, NPT THREADED SOCKET JOINT,
THREADED
DRAWN
ENGINE COOLANT "
OVERFLOW 100/220 25 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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35

PIPING INSULATION
FLUID CONDITIONS INSULATION
MINMAX
FLUD SYSTEM THICKNESS| MANUFACTURER AND MODEL
A
Mope | FLuD | ree | Si2Es 7o NUMBER REMARKS | CLASS
TEMP (F) -
(Ps))
VT, W4
PROCESS 50130 45 17119 NONE 4
WATER AND 27
MANVILLE MICRO-1 OK SERIES RIGID,
HOT 172°, 314" . MOLDED FIBERGLASS INSULATION 317/
WATER 1907190 B AND 1" ' 1.BS PER CUBIC FQOT DENSITY, VAPOR 4
BARRIER AND SELF SEALING L AP 5L AM
MANVILLE MICRO-LOK SERIES RIGID,
CHILLED W2 34 . MOLDED FIBERGLASS INSULATION 3 172
WATLR 4ai4d iyl AND " w2 1BS PER CUBIC FOOT DENSITY, VAROR 4
BARRIER AND SELF SEALING LAP SEAM
e 1 MANVILLE MICRO-LOX SERIES RIGID,
ENGINE T . MOL DED FIBERGLASS INSULATION, 3 W2
COODLANT 100/220 = 1 _AND ! (BS PER CURIC FOOT DENSITY, VAPOR 4
? BARRIER AND SELF SEAUING LAP SEAM
PUMPS
FLUID HANDLED FUMP CAPACITY MOTOR
MIN / MAX TSTALPUNE MANUFGTURER
EQUIP FLUID MIN TEMA|  MAX TOTAL PUMP HEAD AT RATED [ PRESSURE AT| MAX VOLTS
TYPE VISCOSITY GPM :
TAG # TYPE oy ) |TEMP () FLOW (FT. WATER) RATED FLOw| Brp | MIN-HP| RPM | oL g | ANDMODEL REMARKS | CLASS
(ssu . NUMBER
S0
STAINLESS STEEL
CENTR)- ENGINE GOULDS G & L MODEL CONSTRUCTION,
P11 rusal | cootant 100 220 35 90 150 2 3450 2;?,;;;’5 NPE, SIZE 1ST, MECH | PROVIDE VIBRATION 1
SEAL 1SOLATION FOR PLATE
MOUNTING
QUICK DISCONNECTS
FLUID CONDITIONS QUICK DISCONNECT
MAX
MIN/MAX MANUFACTURER
EQUIP SYSTEM
TAG # FLUID TYPE| FLUID PRESS SIZE TYPE | MATERIAL AND MODEL REMARKS | CLASS
TEMP (F
(F) (PSI) NUMBER
ENGINE TWO WAY
QD-1 100 /220 25 12 .
COOLANT SHUT.OFF|  BRASS HANSEN SERIES 12-HK 2
CHILLED TWO WAY
- 44144 -
Qb-2 WATER 35 1 SHUT.OFF BRASS HANSEN SERIES 8-HK 4
INSTRUMENT TWO WAY
QD-4 50190 100 12" .
AR 2 sHuT.orF|  BRASS HANSEN SERIES 4-HK 4
FIG. A2.8 Engine Cooling System Components  (continued)
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FIG. A2.9 External Oil System
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SYMBOLS AND ABBREVIATIONS

COMMON MANUAL VALVE (SHUT-OFF)
CHILLED WATER (S OR 40'F BRINE TEMP

CONDENSATE ¢ D101 ManuAL vaLE (BALANCING)
CONTROL PANEL FOR HVAC & DESICANT ==

DRYER UNITS (BY MANUF.) ™S CcHECK VALVE

CONTROL PANEL FOR TEMPERATURE AND
HUMIDITY SETPOINTS

CONTROL PANEL FOR CHILLER UNIT

{BY MANUF.)

S
SOLENOID VALVE
>

CONTROL VALVE

SELF CONTAINED PRESSURE
@] REGULATING VALVE

ﬁ SELF CONTAINED TEMPERATURE
CONTROL VALVE WITH

CAPILLARY TUBE

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

{v]

3 WAY SOLENOID VALVE

\V

X

CLOSED
OPEN 3 WAY CONTROL VALVE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
SOLENOCID
STEAM
TEMPERATURE CONTROL VALVE
TEMPERATURE ELEMENT
TEMPERATURE INDICATOR (MANUAL)
TEMPERATURE SWITCH

CONTROL DAMPER
CONTROL VALVE
ELEMENT

INDICATOR (MANUAL)
REGULATING VALVE
SWITCH

A %D

STRAINER

EQUIPMENT
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FOLD FROM ABOUT 1.27 [.05] TO 1.52 [.C6] STANLESS
STEEL & WELD ALL JCINTS SO CONTAINER HOLDS LIQUID

TOP GETS A HINGED TRANSPARENT
PLASTIC COVER 70 CONTAN FUMES

r——wu\.s [4]j‘ i 254 [10] / ‘
o
2
5
— z
5
2
3
At
T 3048 (12]
342.9 [13.5] € [14] r
| 203.2 (8]
| CLOSE END
| j
P :
AIM HCLES
THIS WAY
---------- i (6) 9/32° HOLES
P 18 EQUALLY SPACED
@E ALONG "OIL—IN"
o PIPE
g
(GIVES 9.4 50. MM [.37 5Q. .
(_/vmv SHORT by QPEN AREA 1/2° PIBE HAS 7,5%
NIPPLE 1} SQ. MM [.30 SC. IN.] OPEN)

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

Note 2—Oil-in black ¥z pipe, oil drain short2 nipple.

Note 3—Stand pipe to hold float switch & pipe; use a short nipple of selected length between float switckarmlpling 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. A2.12 Typical oil Dump Tank
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FIG. A2.13 Sequence VIA Pan Modifications
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WINDOW LOCATION 174.63MML6.88) ——————=]
RIGHT SIDE ot ———— 133, 35MM(5.25 ] ———e=
79.37MM3.123
\ |66 58112701 - - ™
p | } ~ $15.88MMI.63]1 HOLE
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] = .
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o o o W5 HEN WELD 0 THE TOP
© — - ® §:-:8 82.55MMI3.251 OF THE PLUG.
#15.87MML62] N & 2o .
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! Vi * H .-
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FIG. A2.13 Sequence VIA Pan Modifications

(continued)
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——————————— 75 83MM [2.99] —————————
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T T R31.59MM [1.24] —
: :
- o5 5.24MM[.21]
8 2 r l \
g ¢ i |+
T |
‘ R41.23MM {1.62] —_—
| o — _
16.65MM [.66] — J A \ * *
2.08MM.08) 7.02MM[.28) R50.95MM[2.01] _J 6.05MM [.24] ;‘;’ = _
2 Q 4
N -
2 3 3
r 1.52MM [.06] - S
— o= * - - —
BEND TO FIT

BAFFLE FLAT PATTERN LAYOUT

FIG. A2.14 Sequence VIA Oil Pan Baffle
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‘\ 174.75 [6.88)

133.35 [5.25)

f———— 68.58 [2.70] ————

|

~-®

122.17
[4.81]

LEFT REAR BOLT
HOLE IN PAN RAIL

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

FIG. A2.15 Template For Oil Pan Connections

42

€

TOWARDS FRONT OF ENGINE ~



il D 6202

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 LASH
TEMP (F)] (PSI)
(PSI)
2WAY PNEUMATIC,
ENGINE 25 SPRING BADGER METER INC MODELH
TCv-144 ol 0-3 1007260 b v g&‘;‘;ﬁ (LINEAR) | OPPOSED ARTO OPEN 31015 1002TBNISSVOSALN36 1
L ) DIAPHRAGM
PNEUMATIC,
CHILLED 2.WAY 20 SPRING BADGER METER INC MODELH
TCV-145 ] water 0-7 aarae e b 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 (4 AND MODEL REMARKS CLASS
TEMP ()} (PSY) NUMBER
END
ck2 |encmeon| 1007260 %0 - STAINLESS | BALL CONE APOLLO 62-100 | CONNECTIONS 4
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§ogﬁét§h:Eth’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 rRemArks| cLass
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 COOLINGMHEATING FLUID
MAX MAX
cLass
:3‘;': TYPE o | carsemy | o, rELME: OUTLET | PRESS FLUID o i_';f: OUTLET n;?: MANUFACTURER AND MODEL REMARKS
TVPE (BTUH) TEMP(F) | DROP TYPE ® TEMP() | DI
® (s ®sn
ITT BELL & GOSSETT BF-25-20 43 X 12257 X1, 17 NPT
e CONNECTIONS; VOLUME OF HEAT
HX-§ B:‘:‘ZTEED EN:II:‘E 8,700 45 116 106 12 F‘::(;;JIS s kel L {B] 1 ORIT im:l:;::;lﬂ 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 SWITCIES
FLUID LEVEL SWITCH
EQUIP MANUFACTURER RS
ria * FLUID [ MINAMAX POSITION BEIKG CONTACT POSITION SIGNAL | MATERIAL AND MODEL REMARIS 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. A2.16 External Oil System Components
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MISCELLANEOUS EQUIPMENT
EQUIP MANUFACTURER AND
DESCRIPT SiZ| CLASS
TAG # E 10N \ZE MATERIAL MODEL NUMBER REMARKS LA
/8" NPT
FIL-2 OIL FILTER THREADED R o P ren > 2% 2 REQUIRED 1
CONNECTIONS
—
PIPING / TUBING MATERIALS
FLUID CONDITIONS PIPING / TUBING
FLup |MINMAX svh'g?ém
FLUID SIZES | MATERIAL | CONNECTIONS FITTINGS REMARKS CLASS
TYPE TEMP (F) PRESS
(PSI)
USED FOR SUCTION AND
316L WELDED, NPT DISCHARGE PIPING FOR RECIRC
ENGINE OIL[ 100/260 100 " STAINLESS THREADED WELDED, NPT THREADED PUMP P-4; DUE TO VOLUME 2
STEEL TUBING CONSTRAINTS WALL THICKNESS
MUST BE 0.035IN
2 an | caneen USED FOR SUCTION AND
ENGINE OiL| 100/260 100 ! NPT THREADED NPT THREADED DISCHARGE PIPING FOR 2
4 STEEL, SCAVENGE PUMP P-3
SCHEDULE 40
PIPING INSULATION
FLUID CONDITIONS INSULATION
MAX
MIN/MAX
FLUID SYSTEM MANUFACTURER AND
TYPE FLUID PRESS SIZES THICKNESS (IN) MODEL NUMBER REMARKS CLASS
TEMP (F)
(PS)
MANVILLE MICRO-LOK SERIES
ngi.’:g'&?fg f;ff::'};‘;? MAX. THERMAL COND. 0.276 BTU
ENGINE oiL| 1007260 100 112* AND 314" " CUBIC FOOT DENSITY, VAPOR | NHR*FT?“F AT MEAN TEMP OF
BARRIER AND SELF SEALING 90°F
LAP SEAM
QUICK DISCONNECTS
FLUID CONDITIONS QUICK DISCONNECT.
MAX
MINMAX MANUFACTURER
E°"": TAG FT'#'E’ FLUID s::g:: SIZE Tvee | materia | AnDmopEL | REMARKS
TEMP (F) NUMBER
Psh
- TWO WAY 316 STAINLESS | HANSEN SERIES 6-HK-
ap-s  |encineon| 1007260 100 e Ppdpnid Py
Qo-9 ENGINEOIL| 100/260 100 wr ;m‘g:: ¢ 36 ir‘:gtsss HANSEN s‘f?Es 4K
1
~ PUMPS
FLUID HANOLED PUMP CAPACITY MOTOR
TOTAL
TAL P
gaue | o | oo v”fgégm T'é":, max T?-iE‘:\LD :;_w : PR:‘;:'SRE AX aem | VOLTS. | manUFCTURER AND e ss
TAG # TYPE teme | ™ {raTeD FLOW BHP MIN. HP PHASE |  MODEL NUMBER MARKS ca
(SSU) ® ©7 waTeR,| AT RATED
: FLOW (PSI)
HIGH TEMPERATURE
VIKING SERIES 475 CLOSE CONSTRUCTION,
p3 GEAR |ENGINEOR] 80TO 750 100 w0 | NI 5 0% ors| mso | 220 OR| “coupteppume wooeL | provioe visraTion 1
HATSM ISOLATION FOR PLATE
MOUNTING
VIKING SERIES 4125, BASE | H!GH TEMPERATURE
p ‘CONSTRUCTION, PUMP
P4 cear lenoineon] soto7so 100 w | A0 15 120 015 | v [ O o er | NOTPARTOFMODULE| 1
MOTOR, MODELGA125 (LOCATE NEAR OIL
(OFTIDNAL DRAIN PAN)
FIG. A2.16 External Oil System Components  (continued)
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SOLENOID VALVES
FLUID CONDITIONS VALVE BODY SOLENOID
DESIGN
MINMAX| INLET
OLTS
EQuiP TAG) FLUD | ooy [ "eiyip | press | PRESS | size | tvee | cov | enclosure | 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 8210G2 4
WATERTIGHT
BURKERT TYPE 251 PISTON
OPERATED VALVE WITH TYPE 312
2WAY, EXPLOSION SOLENOID VALVE FOR MATERIALS OF
:é:\\/”::g)\ 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
FCV-150E, E’\é(';'iNE 100/ 260 150 MAX 1 STAINLESS PROCF AND Ng?g;ééY 120, 60 ACTUATION OF AIR SUPPLY TO chéNSSTTA'T:\]JLCETéZNerUESJ 1
FCV-150F STEEL WATERTIGHT PISTON VALVE; SOLENOID VALVE ECV 150F 1S OPTIONAL
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 CLAS
TAG # TYPE SURFACE PRESS (F) MODEL NUMBER LASS
TEMP (F)]  (PSH
SYSTEM INTEGRATOR TO
SPECIFY AND PROVIDE
PROCESS .. THERMOCOUPLE;
TE-145 | Toren 50190 45 J 32703900 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 3270800 mv TEMPREL PROVISIONS FOR 11" 2
FEMALE NPT OUTLET BY
BUILDER OF MODULE
SYSTEM INTEGRATOR TO
SPECIFY AND PROVIDE
OIL HEATER
100 (OIL o THERMOCOUPLE;
TE-149 sui,;-:ce 10013200 | peeccire) J 3270800 mv TEMPREL PROVISIONS FOR 114" 2
FEMALE NPT OUTLET BY
BUILDER OF MODULE
FIG. A2.16 External Oil System Components  (continued)
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20 et FHL LEVEL FOR MEM 4

TOP VIEW \%
HALF SCALE

3. TWO MEMS 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

FIG. A2.17 Thermocouple in Qil Heater

N

INSERT #OHT6A—007A~1
KIT #100292-01 HAYDEN
(.62 0.D.x.94 LG.) #6061 ALUM.
\—’ﬁ 7 | 1 [(.12=27 NPT) FULL PIPE COUPLING
SAWCUT ITEM #1 IN HALF 1 ) 3 rean SescReTIoN

10 11.00 LG. (MAKES 2) 71N ] BILL OF MATERIAL
P/ ]!

L /i

=4

1 * ITEM #3 1S REQ'D FOR ASS'Y,
9.50 REF. EM #3 1S REQ'D '
BRACKETED DIMENSIONS ARE IN INCHES
1

WELDED CONSTRUCTION

A L/

Zan

HACIGT e
-
)
%\ 7T f NOTE: REPLACEMENT 0—RING
\K&‘ 7 \\\1# #2-230-N674-70 CBB SEAL
N

FIG. A2.18 Oil Filter Adapter Assembly
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3/8" 8.S. Tubing

6.625 in.

3.62510n.

T

7.6251in.
1/4* NPT Coupling
1" long
|t !

I 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 tappéd for eempression 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 i9.11.8125 i

FIG. A2.19 Oil Pan Float Switch
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PROVIDE SPACE \& \~ - Exciancer N\ / ©
\11e/ HX~4
FOR POSSIBLE | | |/ 'H V HEAT
DEAERATION EXCHANGER |
DEVICE | ¥ ,\ % HX—3
m o — ]
\Cey Yoy 4 — 1 — —
N GASOLINE SUPPLY A { J- go| [o\ [ Gz) ] 7]
(INDOLENE)
IO /j\ \ gg Eg \121/ / 228,
N . \ (e A \
(INSULATIONG \ é:.?; V Eg 3
ﬁ —_— [ —_— >
s /& o=
23 b
[ g Q
\ L T
\ HEAT =
~—— A\ EXCHANGER
A HX-5
(=) ~ — T~ —
\z2/ —
1?; . FUEL FILTER
z
TE
322,
FROM ®1 |
T4 —A

ENGINE
ENGINE

SYMBOLS AND ABBREVIATIONS

COMMON D1 MANUAL VALVE (SHUT-OFF)
83‘,’,’., SSNBENSX’T‘J‘" (5F OR 40°F BRINE TEWP) 1Ol MANUAL VALVE (BALANCING)
CP1 CONTROL PANEL FOR HVAC & DESICANT =
DRYER UNTS (BY_ MANUF. N cHEck vALVE
CP2  CONTROL PANEL FOR TEMPERATURE AND
HUMIDITY SETPOINTS E SOLENOID VALVE
CONTROL PANEL FOR CHILLER UNIT

(BY MANUF)
li) CONTROL VALVE
CTCV  CAPILLARY TEMPERATURE CONTROL VALVE
Sw CITY WATER SELF CONTANED PRESSURE

FCS  FLOW CONTROL SOLENOID REGULATING VALVE
FCV  FLOW CONTROL VALVE

FE FLOW ELEMENT ( ) W
Fl_ FLOW INDICATOR (MANUAL

FLOA SELF CONTAINED TEMPERATURE
fs ! M CONTROL VALVE WITH

FS FLOW SWITCH

HE  HUMIDITY ELEMENT CAPILLARY TUBE

HX HEAT EXCHANGER

Ls LEVEL SWITCH 3 WAY SOLENQID VALVE

M MOTOR

NC Ng;MALLY glsOESED

NO  NORMALLY OPEN

o RoRM % 3 WAY CONTROL VALVE

PCD  PRESSURE CONTROL DAMPER

PCV  PRESSURE CONTROL VALVE

PE  PRESSURE ELEMENT 7—1 STRAINER

Pl PRESSURE INDICATOR (MANUAL)

PRG  PRESSURE REGULATING VALVE EQUIPMENT
PS  PRESSURE SWITCH FLOW OF OR MEASGRING
s SOLENOID INFORMAT|0r7 DEVICE
STM  STEAM

TCV  TEMPERATURE CONTROL VALVE

TE TEMPERATURE ELEMENT
T TEMPERATURE INDICATOR (MANUAL)
TS TEMPERATURE SWITCH

FUNCTION

Power-Tek mc.
SOAE p—— APPROVED DRAWN B DEW
KDy BUDI 'WE 01-11-95
e
FIGURE 20
DWG No.
M02C

FIG. A2.20 Typical Fuel System
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\ THERMOCOUPLE
iDRZLL & TAP 1/8-NPT

2 PLACES

[+——76.20[3]

101.6004]

PRESSURE TAP
212,73 [8 3/8]

[

32.40 (7]

|
H

-

[
T T/

DIMENSIONS ARE IN MILLIMETERS AND CINCHES]

FIG. A2.21 Intake Air Cleaner Assembly

FLANGF ON
EXHAUST MANIFILD

210 FLEX
PIPE
SOLID OR FLEX

TwO 45° ZLBIWS
“0 ACCOMAZATE
SYSTEM RILTING

812.80 *25.40 /87 MINIMUM VARIATIINS
(32 +11 92.08L3 5/8] MINI
| 7/
FUANGES 476301 8]
MUST MATE

22860 6.35

[9 +.25]

NOTE: RADIAL DORIENTATION
OF AIR/FUEL RATIC SENSOR
AND EXHAUST BACK PRESSURE
A SENSCR TO BZ WHAT EVER
|~ f IS CONVINIENT.

88.90 6,35

[3 172 %.p25]

22860 £6.35
[ +.25] T"

—
£3P SENSDR——ﬁ5U 16,35 | —4

[6 172 £.25] R
~—AFR SENSOR

DIMENSIONS ARE IN
MILLIMETERS AND [INCHES] A

FIG. A2.22 Laboratory Exhaust System
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25 STEEL TUBNG
BEND SU AS SHOWN

WELD AND GRIND _\

HEMISPHERICAL o

9.52
318 [.125] ORILL THRU
.378] A PRy

n
[.25] {.z5) {.25] (.25}
50.8 [2}

PROBE DETAIL

EXHAUST BACK-PRESSURE PROBE

SWAGELOCK S-400-1-8
MALE CONNECTOR OR

EQUVALENT ORILL BODY

6.35 [.25] THRU

5" PIPE UNION
/_/ 7 STEEL PIPE

N N

NOTE: PROBE G T0 BE
COINCIDENT WITH PIPE ¢

ASSEMBLY DETAIL

Note 1—Bend external tubing segment after assembly parallel with probe axis as shown. This permits visual alignment check during operation.
FIG. A2.23 Exhaust Back Pressure Probe

?;22'232{5:}2% Some Cerrobase will have solidified and frozen to the rod.
' Slide Cerrobase off the rod and repeat as necessary to get the
liquid level to within %4 in. of the plug.

/\ A3.9 Use a new thermocouple. Thread eleven heat insula-
kJr tion beads on the thermocouple. Check the Cerrobase with
welding rod to be sure it is liquid. Preheat the thermocouple
223.37 [.020] and push it into the Cerrobase through the center, 0.250-in.

223.24 [.915]

diameter drilled hole. The eleven beads will serve as a gage to
determine immersion depth of the thermocouple. Be sure the

Here o oS 7\ 0.250-in. hole is clean. In the final assembly, clearance between
. .1 this hole and the thermocouple will be the only vent between
sl the Ce_rrobase and atmospher_e. Tie the thermo_cou_JpIe down;
' otherwise, the thermocouple will float out of the liquid Cerro-
O-RING TO SEAL THERMOSTAT base.

IN HOUSING (INTAKE) IS FORD
PART NB8O6807.

FIG. A2.24 Thermostat Orifice Plate A3.10 Let the cartridge cool to room temperature. Remove
the heater funnel and install twia NPT pipe plugs. Connect
the cable and shorting bars in their original arrangement.

A3.8.1 Cool a piece of welding rod in ice water. Wipe the Replace the thermocouple connector and cable cover. Reinstall
rod completely dry and immerse it in the Cerrobase. Pull it outthe cartridge in its insulated case at the engine.

following technique to remove Cerrobase.
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A4. ENGINE PART NUMBER LISTING

A4.1 Table A4.1 lists the new parts required for each new

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

engine and Table A4.2 lists other specified engine parts.
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TABLE A4.2 Other Specified Engine Parts

Part Name Part Number
Harmonic balancer F1AZ-6316-A
Oil pan F1AZ-6675-A
Intake manifold F1AZ-9424-C or
F1AE-9424 or
F1AE-9425
Camshaft cover (R.H.) F1AZ-6582-A
Camshaft cover (L.H.) F1AZ-6582-B
Thermostat housing F1VY-8592-A or
F1AE-8594
Qil filter adapter F1AZ-6881 or
F1AE-6881 or
F1AE-6884
Dipstick tube F1AZ-6754-A
Oil pressure switch E95Z-9278-A
Oil pressure sensor 90290
Camshatft positioner sensor (CMP) F1AZ-6B288-A
Crankshaft position sensor (CKP) F1AZ-6C315-A
Water temperature indicator sender F1SZ-10884-A or
F1SF-10884
Throttle position sensor (TP) F2AZ-9B989-A or
F2AF-9B989
Engine coolant temperature sensor F2AZ-12648-A or
F2AF-12A648
Heated exhaust gas oxygen sensor FOTZ-9F472
Air charge temperature (ACT) sensor F2DZ-12A697
Mass Air Flow Sensor F2VF-12B579
Manifold absolute pressure (MAP) sensor F7FZ-9FA79 or
E7EF-9F479
Ignition coil (R.H.) F1VY-12029 or
F1VU-12029
Ignition coil (L.H.) F3VU-12029 or
F5LU-12029
Ignition coil bracket (R.H.) F1AZ-12257
Ignition coil bracket (L.H.) F3AZ-12257
Ignition wires F3PZ-12259-C
Ignition control module (ICM) F1AZ-12K072-A or
F1AF-12K072
Fuel injectors FOTZ-9F593
Fuel rail F2AZ-9F792-A or
F2AE-9F792
Fuel pressure regulator EB6AZ-9C968 or
E7DE-9C968
Air cleaner outlet tube F2AZ-9B659
Air cleaner outlet tube clamp F2AZ-9A624-A
Crankcase ventilation tube F1AZ-6C324-A
Engine air cleaner assembly F2AZ-9600
Air cleaner element E5TZ-9601
Resonator box F2AE-9R504
Throttle body F2AZ-9E926 or
F2AE-9E926
Throttle body adapter F2AE-9A589
Engine wiring harness OHT6A-001-01
Engine control module OHT6A-002-1, ECM/EEC
Special EPROM OHT6A-005-1
Exhaust manifold (R.H.) F1AZ-9430-B
Exhaust manifold (L.H.) F1AZ-9431-B
Engine flywheel OHT6A-003-1
Engine mounts (R.H.) DTSC-80-128-1
Engine mounts (L.H.) DTSC-80-126-1
Engine mount isolators DTSC-40-132-1

A5. FLYING FLUSH CHECKLISTS

A5.1 Figs. A5.1-A5.3 are examples of flying flush check- double flush to test oil checklist; and Fig. A5.3 is the double
lists. Fig. A5.1 is the detergent flush checklist; Fig. A5.2 is theflush 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 gt) 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

{ 1 Set1500/98/105/125"

[ 1 Run30 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 DQUBLE 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/F®to BC Qi time

[ ] Set1500/98/105/125%

[ ] Run30min(untl ________ time)

[ 1 Set1500r/min/98 N-m load

[ ] F/F®to BC Ol 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

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. A5.3 Double Flush to BC Oil Checklist
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A6. SAFETY PRECAUTIONS

A6.1 General Information A6.2.1.3 Electrical shock, and

A6.1.1 The operating of engine tests can expose personnel A6.2.1.4 Noise. _
and facilities to a number of safety hazards. It is recommended A6-2.2 Chemical and Materials Hazards
that only personnel who are thoroughly trained and experi- A6.2.2.1 Gasoline - (Unleaded)
enced in engine testing should undertake the design, installa- (&) (&) Extremely flammable. Vapors harmful if inhaled.
tion, and operation of engine test stands. Vapors may cause flash fire.
A6.1.2 Each laboratory conducting engine tests should have (b) () Keep away from heat, sparks, and open flames.
its test installation inspected and approved by its Safety (C) () Keep containers closed; use positive shut off valves
Department. Personnel working on the engines should b@n fuel lines.
provided with the proper tools, be alert to common sense safety (d) (d) Use with adequate ventilation.
practices, and avoid contact with moving or hot engine parts, or (€) (€) Avoid buildup of vapors and eliminate all sources of
both. Guards should be installed around all external moving ofgnition, especially non-explosion proof electrical apparatus
hot parts. When engines are operating at high speeds, heagjd heaters.
duty guards are required and personnel should be cautioned(f) (f) Avoid prolonged breathing of vapor.
against working alongside the engine and coupling shaft. (9) (g) Avoid prolonged or repeated skin contact.
Barrier protection should be provided for personnel. All fuel (h) (h) In case of spillage, soak up with clay or diatomaceous
lines, oil lines, and electrical wiring should be properly routed,earth, or similar materials.
guarded, and kept in good order. Scraped knuckles, minor (i) (i) In case of fire, use foam, dry chemical, or O
burns, and cuts are common if proper safety precautions are notA6.2.2.2 Organic Solvent (Penmul L460)
taken. Safety masks or glasses should always be worn by (a) (a) Before opening the container, relieve pressure. Keep
personnel working on the engines and no loose or flowinghe container tightly closed when not in use.
clothing should be worn near running engines. (b) (b) Store at moderate temperatures and keep away from
A6.1.3 The external parts of the engine and the floor are&eat, sparks, open flame, and strong oxidizing agents.
around the engines should be kept clean and free of oil and fuel (c) (c) Use dry chemical, foam, or CQOas extinguishing
spills. In addition, the working areas should be free of allmedia.
tripping hazards. In case of injury, no matter how slight, first (d) (d) In case of spillage, cover with absorbent material and
aid attention should be applied at once and the incidensweep. Dispose in accordance with RCRA procedures.
reported. Personnel should be alert for leaking fuel or exhaust (e) (e) Use safety glasses and impervious gloves when
gas. Leaking fuel represents a fire hazard and exhaust gasndling.
fumes are noxious. Containers of oil or fuel cannot be (f) (f) Use respiratory hydrocarbon vapor canister in enclosed
permitted to accumulate in the testing area. areas.
A6.1.4 The test installation should be equipped with a fuel (g) (g) Use only if adequate ventilation is available.
shut-off valve that is designed to automatically cut off the fuel (h) (h) Avoid contact with eyes, skin, and clothing.
supply to the engine when the engine is not running. A remote (i) (i) Flush eyes with water for 15 min after contact. Wash
station for cutting off fuel from the test stand is recommendedskin thoroughly with soap and water.
Suitable interlocks should be provided so that the engine is A6.2.2.3 Organic Solvent (Oakite 811)
automatically shut down when any of the following events (a) (a) Before opening the container, relieve pressure. Keep
occur: dynamometer loses field current, engine overspeedthe container tightly closed when not in use.
engine oil pressure is lost, exhaust system fails, room ventila- (b) (b) Store at moderate temperatures and keep away from
tion fails, or the fire protection system activates. Consider ateat, sparks, open flame, and strong oxidizing agents.
excessive vibration pick-up interlock if equipment operates (c) (c) Use dry chemical, foam, or CQOas extinguishing
unattended. Fixed fire protection equipment should be promedia.
vided. (d) (d) In case of spillage, cover with absorbent material and
A6.1.5 ASTM Sequence Tests use chemicals to clean ersweep. Dispose in accordance with RCRA procedures.
gines between tests. Some of these chemicals require that(e) (e) Use safety glasses and impervious gloves when
personnel wear face masks, dust breathers, and gloves Aandling.

exothermic reactions are possible. Emergency showers and(f) (f) Use respiratory hydrocarbon vapor canister in enclosed
face rinse facilities should be provided when handling suchyreas.

materials. (9) (g) Use only if adequate ventilation is available.
) ) ) (h) (h) Avoid contact with eyes, skin, and clothing.
A6.2 Physical and Chemical Hazards List (i) (i) Flush eyes with water for 15 min after contact. Wash
A6.2.1 Physical Hazards skin thoroughly with soap and water.
A6.2.1.1 Hot engine parts, exhaust pipe, A6.2.2.4 Aliphatic Naphtha (Stoddard Solvent)
A6.2.1.2 Rotating engine/test stand parts (belts, pulleys, (a) (&) Combustible vapor harmful if inhaled.
shafts), (b) (b) Keep away from heat, sparks, and open flame.
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(c) (c) Use with adequate ventilation. (b) (b) Do not inhale dust.

(d) (d) Avoid breathing vapor or spray mist. (c) (c) Keep away from feed or food products.

(e) (e) Avoid prolonged or repeated contact with skin. (d) (d) In case of contact, flush skin or eyes with water.

(f) (f) In case of spillage, soak up with clay, diatomaceous (e) (e) If swallowed, induce vomiting immediately by giving
earth, or similar material. Ipecac syrup.

(9) (9) In case of fire, use foam, dry chemical, or CO A6.2.2.7 New and Used Oil Samples

A6.2.2.5 Cooling System Cleanser . (a) (a) Store at moderate temperatures and keep away from
I(a) d(a) Sltore dat moderate temperatures. Keep containeg,ireme heat, sparks, open flame, and oxidizing agents.
closed until used. : SN
. (b) (b) Use dry chemical, foam, or CQas extinguishing
(b) (b) lTJse water spray, dry chemical, foam, or £@s media. In case of spillage, cover with absorbent material and
extinguishing media. sweep up

na(t(L:J)ra(IC)b(;gigsaS(‘)? vf/);tzlﬁmage’ sweep up. Prevent entry into (c) (c) Use safety glasses and impervious gloves when
! handling.

(d) (d)y Use safety glasses and impervious gloves when (d) (d) Avoid contact with eyes, skin, and clothing.

handling. . .
(e) () Use respiratory protection in absence of proper (e) (e) Flush eyes with water f_or 15 min after contact.
environmental control. (f) (f) Wash skin thoroughly with soap and water.
(f) (f) Use only if adequate ventilation is available. A6.2.2.8 Used Oil Samples OniySince used oils contain
(9) (g) Avoid contact with eyes, skin, and clothing. compounds that were not originally present in the new oil,
(h) (h) Flush eyes with water for 15 min after contact. Washfollow the most stringent Materials Safety Data Sheets guide-
skin thoroughly with soap and water. lines for all components present.
A6.2.2.6 Oxalic Acid (Cooling System Cleanser) Note A6.1—In addition to other precautions, note that continuous
(a) (a) Toxic substance. Avoid contact with eyes, skin andcontact with used automotive engine oils has caused skin cancer in
clothing. laboratory mice.

A7. REPORT FORMAT

A7.1 Figs. A7.1-A7.15 are examples of report forms as Fig. A7.9-Critical Parameter Summary - Stage 1
follows: Fig. A7.10—Critical Parameter Summary - Stage 2

Fig. A7.1-Evaluation Report Version 19990729 Fig. A7.11-Critical Parameter Summary - Stage 3

Fig. A7.2-Test Report on a Non-Reference Oil Fig. A7.12—Critical Parameter Summary - Stage 4

Fig. A7.3-Test Report on a Reference Oll . "
Fig. A7.4-Operational Data Analysis Fig. A7.13—Critical Parameter Summary - Stage 5

Fig. A7.5-General Parameter Listing - 16 h Aging Fig. A7.14—Critical Parameter Summary - Stage 6
Fig. A7.6—General Parameter Summary - BC Before Test Oil Fig. A7.15-Supplemental Operational and Maintenance
Fig. A7.7—General Parameter Summary - Test Oil Record
Fig. A7.8—General Parameter Summary - BC Oil After Test
oil
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SEQUENCE VIA
Version: 19990729

CONDUCTED FOR:

TSTSPON1T
TSTSPON2
V = VALID
LABVALID
i = INVALID
Lab: LAB Date Completed: RDTCOMP/DTCOMP |Time Completed: REQTTIME/EQTTIME
Test Number
Test Stand: STAND Runs On The Stand: ASTRUN/STRUN | Engine No,: RENGNO/ENGNO Runs on Engine: RENRUN/ENRUN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes |ALTCODE1 ALTCODE2 ALTCODES3

In my opinion this test OPVAL/D 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: RDTCOMP/DTCOMP Time Completed: REOTTIME/EOTTIME
Test Number

Test Stand: > " |Runs On The Stand; "7"/VSTRN Engine No.: "ENGNOENGNO Runs on Engine: RENRUN/ENRUN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes| ALTCODE! ALTCODE2 ALTCODE3

TEST DOCUMENTATION

SAE Grade: SAEVISC BC Start Date: BCDTST
New Qil Viscosity @ 40 °C, ¢St V40ONEW BC Start Time: BCSTIME
New Oil Viscosity @ 100°C, ¢St V100NEW Non-Reference Oil Start Date: DTSTRT
Aged (16 hr.) Qil Viscosity @ 40 °C, cSt VINI40 Non-Reference Oil Start Time: STRTTIME
Aged (16 hr.) Oil Viscosity @ 100°C, ¢St VINIT100 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 1

BC Oil

Average of BC Oil

BC Shift% Delta

BCSFTDLT

Test Qil
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 SDLTROO1 | SDLTROO2 | SDLTRO0O3 | SDLTRO04 | SDLTROO5 | SDLTROO6
Min. 0.102 0.152 -0.021 -0.262 -0.253 0.182 6 Stage Mean
Accept Y/N | ACPTROOT | ACPTRO0O2 | ACPTROO3 | ACPTRO0O4 |ACPTROO5 |ACPTRO0O6 | 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: LAB Date Completed: RDTCOMP/DTCOMP Time Completed: REOTTIME/EOTTIME
Test Number

Test Stand: > ™ |Runs On The Stand: RSTRUNISTRUN Engine No.: RENGNOENGNO Runs on Engine: RENRUN/ENRUN

Qil Code: CMIR/OILCODE Engine Seriat # ENGSN

Formulation/Stand Code: FORM

Alternate Codes| ALTCODET ALTCODE2 ALTCODE3

REFERENCE TEST DOCUMENTATION

SAE Grade: RSAEVISC BC Start Date: RBCDTST
Calibration Qil Batch RCALOIL BC Start Time: RBCSTIME
Laboratory Oil Code RLABOCOD Reference Oil Start Date: RDTSTRT
Most Recent Fuel Batch RFUELBID Reference Oil Start Time: RSTRTIME
Test Duration, Hours RTESTLEN Total Engine Hours @ End of Test: RENHREND

OVERALL RESULTS

kg

Sequence of Tests

1

BC Qil

Average of BC Oil

Test Oil

RBCI1KG

RABCKG

3

BC Shift% Delta

RBC2KG

RKGO

RBCSFTDT

FIG. A7.3 Test Report on a Reference Oil
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Fuel Economy Improvement Relative to the Average of BC (%) RFEl
Corrected Result RFEICF
Final Result RFEIFNL
BC Before 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 | RSDTROOT | RSDTROO2 RSDTR0O03 | RSDTR0O04 | RSDTRO05 | RSDTRO06
Min. 0.102 0.152 -0.021 -0.262 -0.253 0.182 6 Stage Mean
Accept Y/N |RCPTROOT |RCPTRO0O2 |RCPTROO3 | RCPTRO04 | RCPTROO5 RCPTRO0O6 | RSDTRMEN
Reference Oil Statistics
TMC Oil Code Variable Mean S.D. Effective Date:
IND EEI RFEIMEAN RFEISD ROSTDTE
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SEQUENCE VIA
FORM 3
OPERATIONAL DATA ANALYSIS

Lab: LAB Date Completed: RDTCOMP/DTCOMP Time Completed: REOTTIME/EOTTIME
Test Number
Test Stand:  >™  |Runs On The Stand: 7S TRUMSTRUN | £ ine No.: RENGNO/ENGNO Runs on Engine:  TCVRUNENRUN
Oil Code: CMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes| ALTCODE? ALTCODE2 ALTCODE3
Computed Averages
Weighted
Stage BSFC BSFC Nominal Weight Fuel
oil kg/kW h C.V.% Power Factor | Consumed
kW kg
1 BFCARB1A| BFCCRBI1A 2.18 0.077472 |WFC RB1A
BC 2 BFCARB2A | BFCCRB2A 2.18 0.082500 |WFC RB2A
Before 3 BFCARB3A | BFCCRB3A 5.81 0.035417 |WFC RB3A
Tg;" 4 BFCARB4A | BFCCRB4A 15.39 0.078250 | WFC RB4A
5 BFCARB5A | BFCCRB5A 15.39 0.033139 | WFC RB5A
6 BFCARB6A | BFCCRB6A 2.18 0.045444 | WFC RB6A
Total Fuel Consumed including constant of 0.254 kg RBC1KG/BC1KG
1 BFCARC1A | BFCCRC1A 2.18 0.077472 | WFC RC1A
2 BFCARC2A | BFCCRC2A 2.18 0.082500 |WFC RC2A
Test 3 |BFCARC3A | BFCCRC3A 5.81 0.035417 | WFC_RC3A
Oil 4 BFCARC4A BFCCRCA4A 15.39 0.078250 | WFC RC4A
5 BFCARCS5A 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 BFCARATA | BFCCRATA 2.18 0.077472 [WFC RATA
BC 2 BFCARAZA BFCCRA2A 2.18 0.082500 | WFC RA2A
After 3 |BFCARA3A | BFCCRA3A 5.81 0.035417 | WFC RA3A
Tgit 4 BECARA4A | BFCCRA4A 15.39 0.078250 | WFC RA4A
5  |BFCARA5A | BFCCRA5A 15.39 0.033139 | WFC RA5A
6 BFCARAG6A | BFCCRAGBA 2.18 0.045444 | WFC RA6A
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: RDTCOMP/DTCOMP Time Completed: REOTTIME/EOTTIME
Test Number

Test Stand:  ° "™ |Runs On The Stand: " "MS" | Engine No.: FENGNO/ENGNO Runs on Engine: ~ EVAUNENRUN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes ALTCODET ALTCODE2 ALTCODES3

16 h Aging
SPEC AVERAGE” |  mAXx A MIN #

1. Speed, r/min 1500 + 2 ARPM16H XRPM16H IRPM16H
2. Load, N-m 98 + 0.07 ALD16H XLD16H ILD16H
3. Oil Gallery Temperature, °C 1256 £ 2 AOGT16H XOGTI16H I0OGT16H
4. Coolant Inlet Temperature, °C 105 + 2 ACINT16H XCINT16H ICINT16H
5. Oil Circulation Temperature, °C Record ASMPTI16H | XSMPT16H ISMPT16H
6. Coolant Out Temperature, °C Record ACOT16H XCOT16H ICOT16H
7. Intake Air Temperature, °C 27 £ 2 AINAT16H XINAT16H IINAT16H
8. Fue! 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 IHEAT16H
12. Intake Air Pressure, kPa 0.05 = 0.02 AINAP16H XINAP16H /INAP16H
13. Fuel to Flowmeter Pressure, kPa 100 min AFPMMT16H | XFPMM16H IFPMM16H
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 | AEXBP16H | XEXBP16H IEXBP16H
17. Engine Oil Pressure, kPa Record AOGPI16H XOGP16H IOGP16H
18. Coolant Flow, L/min 130 £ 4 AMCF16H XMCF16H IMCF16H
19. Fuel Flow, kg/h Record AFFLOT16H XFFLO16H 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: sTanD |Runs On The Stand: ASTRUN/STRUN Engine No.: RENGNO/ENGNO |Runs on Engine: RENRUN/ENRYN
Oil Code: CMIR/OILCODE
Formulation/Stand Code: FOARM
Alternate Codes [AL TCODET |AL TCODE2 |AL TCODE3

BC Before Test Qil

General Parameters

Stage
Spec 1 2 3 4 5 6
1. Oil Circulation Temperature, °C Record OCT_RBO1 | OCT RBO2 | OCT RBO3 | OCT RBO4 | OCT RBOS | 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 RBOS| FFT RBO6
4. Delta Fuel to Flowmeter Temperature, °CA <4 FFTDRBO1 | FFTDRBO2 | FFTDRBO3 | FFTDRBO4 | FFTDRBOS | FFTDRBO6
5. Test Cell Temperature, °C Record TCT RBO1 | TCT RBO2| TCT RBO3| TCT RBO4 | TCT RBOS| TCT RBO6
6. Load Cell Temperature, °C Record LCT RBOT | 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. Qil Heater Temperature, °C 200 max | oHT RBO1 | OHT RBO2 | OHT RBO3 | OHT RBO4| OHT RBOS | OHT RBO6
8. Intake Air Pressure, kPa 0.05 = .02 | 44p RBOT| IAP RBO2 | IAP RBO3| IAP RBO4| IAP RBOS| IAP RBO6
10. Fuel to Flowmeter Pressure, kPa 100 min FFP RBO1 | FFP RBO2| FFP RBO3| FFP RBO4 | FFP RBO5| FFP RBO6
11. Fuel to Fuel Rail Pressure, kPa 205 - 310 | FFRPRBO1 | FFRPRBO2 | FFRPRBO3| FFRPRBO4 | FFRPRBOS | 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| EOP RBO2 | EOP RBO3 | EOP RBO4| EOP RBOS5| EOP RBO6
14. Coolant Flow, L/min 130 = 4 CF RBO1| CF RBO2| CF RBO3| CF RB04| CF _RBOS| CF RBO6
15. Intake Air Humidity, g/kg 11.4 £ 0.8 | jaAH RBO1 | IAH RBO2| IAH RBO3 | JAH RBO4 | IAH RBO5 | IAH RBO6

A Difference 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: LAB Date Completed: RDTCOMP/DTCOMPTime Completed: REOTTIME/EOTTIME
Test Number

Test Stand:  s74ND Runs On The Stand: asTrRun/sTRUN | Engine No.:  RENGNO/ENGNO Runs on Engine: RENRUN/ENRYN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes |AL TCODET |AL TCODE2 ALTCODE3

Test Qil
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
2. 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 RCO4 | FFT RCOS5| FFT RCO6
4. Delta Fuel to Flowmeter Temperature, °CA =4 FFTDRCO1 | FFTDRCO2 | FFTDRCO3 | FFTDRCO4 | FFTDRCO5 | FFTDRCO6
5. Test Cell Temperature, °C Record TCT _RCO1 | 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 LCTDRCO1 | 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 0.06 =+ .02 | ap RCOT| IAP RCO2| IAP RCO3| IAP RCO4| IAP RCOS| JAP RCO6
10. Fuel to Flowmeter Pressure, kPa 100 min FFP_RCO1 | FFP RCO2| FFP RCO3| FFP RCO4| FFP RCO5| FFP RCO6
1. Fuel to Fuel Rail Pressure, kPa 205 -310 | FFRPRCOT | FFRPRCO2 | 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 | EQP RCO2 | EOP RCO3| EOP RCO4 | EOP 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 RCO4 | IAH RCO5| 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 Oll
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SEQUENCE VIA
FORM 7
GENERAL PARAMETER SUMMARY

Lab: LAB |Date Completed: ARDTCOMP/DTCOMP Time Completed: REOTTIME/EOTTIME

Test Number

Test Stand:  s7anp IRuns On The Stand: ASTRUN/STRUN !Engine No.: RENGNO/ENGNO Runs on Engine: RENRUN/ENRUN

Oil Code:  CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes IALTCODEI IALTCODEZ ALTCODE3

BC After Test Qil

General Parameters

Stage
Spec 1 2 3 4 5 6
1. Oil Circulation Temperature, °C Record OCT RAO7 | OCT RAO2 | OCT RAO3 | OCT RA04 | OCT RAO5 | OCT RA06
2. Coolant Out Temperature, °C Record | cOT RAO1| COT RAO2 | COT RAO3 | COT RAO4 | COT RAOS5 | COT RAOE
3. Fuel to Flowmeter Temperature, °C 20-32 FFT_RAO1 | FFT RAQ2| FFT RAO3| FFT RA04 | FFT RAO5| FFT RA06
4. Delta Fuel to Flowmeter Temperature, °CA <4 FFTDRAOT | FFTDRAO2 | FFTDRAO3 | FFTDRAO4 | FFTDRAOS | FFTDRAO6
5. Test Cell Temperature, °C Record TCT RAO1 | TCT RA02 | TCT RAO3 | TCT RAO4 | TCT RAO5 | TCT RAO6
6. Load Cell Temperature, °C Record LCT RAOT | LCT RAO2| LCT RAO3 | LCT RAO4 | LCT RAO5| LCT RAO6
7. Delta Load Cell Temperature, °C A <86 LCTDRAQ1 | LCTDRAQ2 | LCTDRAO3 | LCTDRAO4 | LCTDRAQOS | LCTDRAOG
8. Oil Heater Temperature, °C 200 max | oHT RAO1 | OHT RAQ2 | OHT RAO3 | OHT RAO4 | OHT RA05 | OHT RAO6
9. Intake Air Pressure, kPa 0.05 = .02 | jap RAOT | JAP RAO2| IAP RAO3| IAP RAO4 | IAP RAO5| IAP RACE
10. Fuel to Flowmeter Pressure, kPa 100 min | FFp RAOT | FFP RAO2| FFP RAO3| FFP RAO4| FFP RAQ5| FFP RAO6
11. Fuel to Fuel Rail Pressure, kPa 205 - 310 | FFRPRAO1 | FFRPRAO2| FFRPRAO3 | FFRPRAO4 | FFRPRAO5 | FFRPRAOG
12. Intake Manifold Pressure, kPa abs. Record IMP RAOT | IMP RAO2 | IMP RAO3 | IMP RAO4 | IMP RAOS | IMP RAO6
13. Engine Oil Pressure, kPa Record EOP RAO1 | EOP RA02 | EOP RAO3 | EOP RAO4 | EOP RAO5| EOP RAO6
14. Coolant Flow, L/min 130 £4 | cF RAQ1| CF _RAO02| CF_RAO3| CF_RAO4| CF RAO5| CF_RA06
15. Intake Air Humidity, g/kg 11.4 + 0.8 | JAH RAOT7 | IAH RAO2| IAH RAO3 | IAH RAO4 | IAH RAO5| IAH RAO6E

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
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SEQUENCE VIA
FORM 8
CRITICAL PARAMETER SUMMARY - STAGE 1
Lab: LAB Date Completed: RDTCOMP/DTCOMP Time Completed: REOTTIME/EOTTIME
Test Number
Test Stand: STAND Runs On The Stand: RSTRUN/STRUN Engine No.: RENGNO/ENGNO Runs on Engine: RENRUN/ENRUN
0il Code; CMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes| ALTCODET ALTCODE2 ALTCODE3
BC Before Test Qil
e e =
. ) Fuel AFR Delta AFR”
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_RB11 | OGT RBII| CINTRB11| IAT_RB1I1 | FRT_RBIT
2 8FC_RB12 | RPM RB12 | LD_RB12 | 0GT_RB12| CINTRB1Z| IAT_RB12 | FRT_RBI2
3 BFC_RB13 | RPM RB13| LD_RB13 | OGT RB13| CINTRBI3| IAT.RB13 | FRT RB13
4 BFC_RB14 | RPM_RB14| LD_RB14 | OGT RB14| CINTRB14| IAT_RB14 | FRT RB14
5 BFC_RB15 | RPM RB15| LD_RB15 | OGT RBIS| CINTRBIS| IAT_RBI5 | FRT RBIS
6 BFC RB16 | RPM_RB16| LD_RB16 | OGT_RB16| CINTRBI6| IAT RB16 | FRT RB16
AVG. BFCARB1A | RPM RB1A| LD_RB1A | OGT_RBIA| CINTRB1A IAT RBIA | FRT RB1A
SD
C.V. BFCCRBI1A
Test Qil
Fuel AFR Deita 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 < .60
SPEC | kg/kWh | 800 + 2|26 + .07|105+ 1| 95 = 1 27 + 2 20 + 2 104 = 17 Record
1 BFC RC11 | ARPM_RCT1| LD_RC11 | OGT_RC11| CINTRCT? IAT RC11 | FRT_RCT1
2 Brc RC12 | mRem rC12| to_mrc12 | o6T RCI2| CiNTRCI2 | IAT.RC12 | FRT_ARC12
3 B8FC_AC13 | RPM_RC13| LD_RC13 | OGT_RC13| CINTRC13 AT RC13 | FRT_RC13
4 BFC RC14 | RPM_RC14| (D_RC14 | OGT_RC14| CINTRC14 IAT_RC14 | FRT_RC14
5 BFC_RC15 | RPM_RC16| LD_RC15 | OGT_RC15| CINTRC15 IAT RC15 | FRT_RC15
6 BFC RC16 | RPM_RC16| LD_RC16 | OGT_ARC16 | CINTRC16 IAT_RC16 | FRT RC16
AVG. BFCARC1A | RPM_RCIA| LD_RC1A | OGT_RC14| CINTRC1A IAT_RC1A | FRT_RC1A
SD ’
C.V. BFCCRCIA [
BC After Test Qi
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 < .60
SPEC | kg/kWh | 800 + 226 = .07|105 1| 95 %1 27 £ 2 20 + 2 104 + .17} Record
1 BFC_RA11 | RPM_RA11 | LD_RATI OGT_RAT1{ CINTRA11 | IAT RA1? FRT_RA11 EBP_RATT
2 BFC RA12 | RPM_RA12 | LD_RA12 | OGT_RA12| CINTRA12 | IAT RAI2 FRT_RA12 EBP_RAT2
3 BFC RA13 | RPM_RA13 | LD_RA13 | 06T RA13| cinTRA13 | IAT RAT3 | FRT_RAI3 EBP RA13
4 BFC_RA14 | RPM_RA14| LD_RA14 | OGT RA14| CINTRA14 | IAT_RA14 | FRT_RA14 EBP_RA14
5 BFC RA15 | RPM_RA15 | LD_RAT5 | OGT RA15| CINTRA1S | IAT_RA15 | FRT_RATS EBP_RA1S
8 BFC_RA16 | RPM_RA16 | LD_RAT6 | OGT RA16| CINTRA16 | IAT_RA16 | FRT_RA16 EBP_RA16
AVG. BFCARATA | RPM RATA| LD_RATA | 0GT RA1A| CINTRA1A | IAT RATA | FRT_RATA EBP_RATA
3D ’ .
C.V. BFCCRA1A

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: (AB Date Completed: RDTCOMP/DTCOMP Time Completed: AEOTTIME/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: FORM
Alternate Codes ALTCODE? 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 | 800 + 2|26 +.07] 70+ 1 | 60 = 1 27 £ 2 20 = 2 104 + .17| Record
1 BFC RB21 | RPM_RB21 | LD_RB21 OGT_RB21| CINTRB21 | IAT_RB21 FRT_RB21
2 BFC_RB22 | RPM_RB22 | (p_RB22 | OGT RB22| CINTRB22 | IAT_RB22 FRT_RB22
3 BFC RB23 | RPM_RB23 | Lp_RB23 | OGT_AB23| CINTRB23 | 14T RB23 FRT_RB23
a4 BFC_RB24 | RPM_RB24 | LD_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 Qil
Fuel AFR Delta AFRA
Speed Load Oil 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 + 226 + .07| 70+ 1 | 60 = 1 27 £ 2 20 £ 2 104 + 17| Record
1 BFC_RC21 | ARPM_RC21| LD_RC21 | OGT_RC21| CINTRC21 | IAT_AC21 FRT_RC21
2 BFC RC22 | RPM_RC22| LD_RC22 | 0GT_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_RC24| 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 | IAT_RC26 | FRT RC26
AVG. BFCARC2A| RPM_RC2A LD_RC2A | OGT_RC2A| CINTRC24 | IAT_RC2A | FRT_RC2A
SD
C.V. BFCCRC2A
BC After Test Qil
Fuel AFR Delta AFRA
Speed Load Oil Gallery|Coolant In|Iintake 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| 701 | 60+ 1 | 27 £ 2 0+ 104 = .17| Record
1 BFC_RA21 | RPM _RA21| LD_RA21 | OGT_RA21| 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| LD_RA23 | OGT_RA23| CINTRA23 | IAT RA23 | FRT_RA23 EBP_RA23
a4 BFC_RA24 | RPM RA24| LD_RA24 | OGT RA24| CINTRA24 | IAT_RA24 | FRT_RA24 EBP_RA24
5 BFC_RA25 | RPM_RA25| LD_RA25 | OGT_RA25| CINTRA25 | IAT_RA25 | FRT_RA25 EBP_RA25
6 BFC RA26 | RPM_RA26 | LD_RA26 | OGT_RA26| CINTRA26 | IAT_RA26 | FRT_RA26 EBP_RA26
AVG. BFCARA24 | RPM RA2A| LD_RA2A | OGT_RA24| 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: RDTCOMF/DTCOMP Time Completed: FEOTTIME/EOTTIME
Test Number
Test Stand: > ™ |Runs On The Stand: " MSTAUN Engine No.: FENGNOENGNO Runs on Engine: RENRUN/ENRUN
Oil Code: CMIR/OILCODE
Formulation/Stand Code: FORM
Alternate Codes ALTCODET ALTCODEZ ALTCODE3
BC Before 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 [1500 + 2|37 = .07| 70 £ 1 | 60 £ 1 | 27 + 2 20 £ 2 104 + .17| Record
1 8FC RB31 | RPM_RB31| LD_RB31 | 0GT RB31| CINTRB371 | IAT_RB31 FRT_RB31
2 BFC_RB32 | RPM_RB32| LD_RB32 | 0GT RB32| CinTRB32 | 1AT_RB32 FRT_RB32
3 B8FC_RB33 | RPM_RB33| LD_RB33 | 0GT_RB33| CINTRB33 | IAT_RB33 | FRT RB33
4 BFC RB34 | RPM_RB34| LD_RB34 | 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_AB36| CINTRB36 | IAT_RB36 | FRT_RB36
AVG. BFCARB3A | RPM_RB34A| LD_RB3A | OGT _RB34| CINTRB3A | IAT_RB34A | FAT RB3A
SD §
C.V. BFCCRB3A |
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/kW h [1500 + 2(37 + .07} 70 = 1 60 + 1 27 + 2 20 + 2 104 + .17| Record
1 8FC RC31 | RPM_RC31| LD_RC31 | OGT_RC37| CINTRC31 | IAT_RC31 FRT_ARC31
2 BFC_RC32 | RPM_RC32| 1D_RC32 | 0GT RC32| CINTRC32 | 1AT_RC32 FRT_RC32
3 BFC_AC33 | RPM_RC33 LD_RC33 | OGT_RC33| CINTRC33 | 14T_RC33 FRT_RC33
4 BFC_RC34 | APM RC34 1D_pca4 |OCTRC3E T cintRcaa | 1aT RC34 | FRT RC34
5 BFC RC35 | RPM_RC38| LD_RC35 | OGT_RC35] CINTRC3§ | IAT_RC35 FRT_RC35
6 BFC_RC36 | ARPM_RC36] LD_RC36 | OGT_RC36| CINTRC36 | IAT_RC36 FRT_RC36
AVG. BFCARC3A| RPM_RC3A LD_RC3A | OGT_RC3A| CINTRC3A | IAT_RC3A FRT_AC3A
s — : —
C.V. BFCCRC3A

BC After 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/kW h [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 | 147_RA37 FRT_RA31 EBP_RA31

2 BFC RA32 | RPM_RA32] LD_RA32 | OGT_RA32| CINTRA32 | IAT_RA32 FRT_RA32 EBP_RA32

3 BFC RA33 | RPM_RA33] 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| LD_RA35 | OGT_RA35| CINTRA35 | IAT_RA35 FRT_RA35 EBP_RA35

6 BFC_RA36 | RPM_RA36] LD_RA36 | OGT_RA36| CINTRA36 | IAT_RA36 | FRT_RA36 EBP_RA36
AVG. BFCARA3A| RPM RA3A LD_RA3A | OGT RA3A| CINTRA3A | IAT_RA3A | FRT_RA3A £8P RA3A
C.V. BFCCRA3A

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: ARDTCOMP/DTCOMP Time Completed: REOTTIME/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: FORM
Alternate Codes ALTCODE1? ALTCODE2 ALTCODE3
BC Before Test Oil
_ ] Fuel AFR Deita 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 [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_RBA41
2 BFC RB42 | RPM _RB42| LD_RB42 | OGT RB42| CINTRB42 | IAT_RB42 FRT_RBA42
3 BFC_RB43 | RPM RB43| LD_RB43 | OGT_RB43| CINTRB43 | IAT_AB43 | FRT_RB43
4 BFC_RB44 | RPM _RB44| LD_RB44 | OGT_RB44| CINTRB44 | IAT_RB44 | FRT_RB44
5 BFC RB45 | RPM_RB4S| (D_RB45 | OGT_RB45 | CINTRB45 | IAT_RB45 | FRT_RBAS
6 BFC_RB46 | RPM_RB46| LD_RB46 | OGT_RB46| CINTRB46 | IAT_RB46 | FRT_RB46
AVG. BFCARB4A | RPM_RB44| LD_RB4A | OGT_RB4A| CINTRB4A | IAT RB4A | FRT_RB4A
SD
C.V. BFCCRB4A
Test Oil
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 |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_RC42| 1D_Rc42 | 0GT_RC42| CINTRC42 | IAT_RC42 | FRT_RC42
3 BFC RC43 | APM_RC43| LD_RC43 | OGT_RC43| CINTRC43 | IATRC43 | FRT_RC43
a BFC RC44 | APM _RC44| LD_RC44 | OGT_RC44| CINTRC44 | IAT_AC44 | 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 LD_RC4A | OGT_RC4A| CINTRC4A | IAT_RC4A | FRT_RC4A
SD
C.V. BFCCRC4A
BC After Test Qil
Fuel AFR Delta AFRA
Speed Load |OQil GalleryiCoolant 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 (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 EBP_RA41T
2 BFC_RA42 | RPM RA42| LD_RA42 | OGT RA42| CiNTRA42 | IAT_RA42 | FRT_Ra42 EBP_RA42
3 BFC_RA43 | RPM_RA43| LD_RA43 | OGT_RA43| CINTRA43 | IAT_RA43 | FRT_RA43 EBP_RA43
4 BFC_RA44 | RPM_RA44| LD_RA44 | OGT_RA44| CINTRA44 | IAT_RA44 | FRT_RA44 £BP_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 RA44 LD_RA4A | OGT_RA44| 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

68



b D 6202

SEQUENCE VIA
FORM 12
CRITICAL PARAMETER SUMMARY - STAGE b
Lab: LAB Date Completed: RDTCOMP/DTCOMP Time Completed: AEOTTIME/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: FOAM
Alternate Codes ALTCODET1 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 |1500 + 2/98 + 07| 45+ 1 | 45+ 1 | 27 = 2 20 = 2 104 = .17| Record
1 BFC_RB51 RPM_RB571| LD_RBS1T OGT_RB51 CINTRB51 /AT _RB51 FRT_RBS51
2 BFC _RB52 RPM_RB52| LD_RB52 OGT_RB52 CINTRB52 IAT_RB52 FRT_RBS2
3 BFC_RB53 RPM _RB53] LD__RB53 OGT _RB53 CINTRB53 IAT_RB53 FRT_RB53
4 BFC_RB54 RPM_RB54| [D_RB&54 OGT_RB54 CINTRB54 IAT_RBS4 FRT _RB54
5 BFC _RB55 RPM_RB55} LD__RBS5 OGT_RB55 CINTRBSS IAT_RB55 FRT_RB55
(4] BFC_RB56 RPM_RB56| LD__RB56 OGT_RB56 CINTRB56 IAT_RB56 FRT_RB56
AVG. BFCARB5A RPM _RB5Al LD_RB5A OGT_RB5A CINTRBSA IAT_RB5A FRT_RBSA
SD
C.V. BFCCRBSA
Test Oil
Fuel AFR Delta AFRA
Speed Load |Qil Gallery|Coolant In|Intake Air Fuel Rail EBP Flow
Step BSFC t/min N m 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 _RCS7| LD_RCS51 OGT_RCS1 | CINTRCS1 | IAT_RCS7 FRT_RC51
2 BFC RC52 RPM_RC52} LD_RC52 OGT_RC52 CINTRCE2 | IAT_RC52 FRT_RC52
3 BFC_RC53 RPM_RC53| LD_RC53 | OGT_RC53 | CINTRC53 | JAT_RCS3 FRT_RC53
4 BFC_RC54 RPM RC54| LD_RC54 | OGT_RC54 | CINTRC54 | IAT _RC54 FRT_RC54
5 BFC_RC55 RPM_RCS56| LD_RC55 | OGT_RC55 | CINTRCS5 | IAT_RCS58 FRT_RCS5
6 BFC_RC56 RPM_RC56| LD_RC56 | OGT_RC56 | CINTRCS6 | JAT_RC56 FRT_RCS56

AVG. BFCARCSA| RPM_RC54 LD_RC5A | OGT RCSA | CINTRCS5A | IAT_RC5A FRT_RC5A

SD :
C.V. BFCCRC5A

BC After Test Oil

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 [1500 + 2{98 + .07} 45+ 1 | 45+ 1 | 27 + 2 20 = 2 104 + .17| Record —
1 BFC_RAS1 RPM_RAS1} LD_RA5T OGT_RA51 CINTRAS1 IAT_RAS1 FRT_RAS1 EBP RAST
2 BFC_RA52 RPM_RA52| LD__RAS2 OGT_RAS2 CINTRAB2 | IAT_RAE2 FRT_RAS52 EBP_RAS2
3 BFC_RA53 RPM _RA53 LD__RAS3 OGT_RA53 CINTRAS3 IAT_RAS3 FRT_RA53 EBP_RAS3
4 BFC_RAS4 RPM_RAS4| LD__RA54 OGT_RA54 CINTRAS4 IAT_RA54 FRT_RA54 EBP_RA54
5 BFC_RA55 RPM_RAS5| LD_RAS5 OGT_RABS CINTRASS IAT_RAGES FRT_RASS EBP_RAS55
6 BFC_RAS56 RPM_RA56] LD__RA56 OGT_RAS6 CINTRAS6 IAT_RAS6 FRT_RAS6 EBP_RA56
AVG., BFCARA5A RPM _RABA LD RABA OGT _RASA CINTRABA IAT_RABA FRT _RABA EBP RASA
sSD :
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: RDTCOMP/DTCOMP Time Completed: REOTTIME/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: FORM
Alternate Codes ALTCODE? 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] 45 = 1 45 + 1 27 + 2 20 + 2 104 =+ .17| Record
1 BFC_RBE1 RPM_RB61| LD_RBST OGT_RB61| CINTRBE1 | IAT_RB61 FRT_RBE1
P BFC RB62 | RPM_RB62| LD_RB62 OGT_RB62| CINTRB62 | IAT_RB62 FRT_RB62
3 BFC_RB63 | RPM_RBB3| LD_RBE3 OGT_RB63| CINTRBE3 | IAT_RB63 | FRT RB63
4 BFC_RB64 | RPM_RB64| LD_RB64 0GT_RB64| CINTRBE4 | IAT_RB64 | FRT _RBE4
5 BFC_RB65 | RPM_RB65| LD_RB6S OGT_RB65| CINTRBE5 | IAT_RB65 | FAT RB6S
6 BFC_RB66 | RPM_RB66| LD_RB66 0GT RB66| CINTRBE6 | IAT_RB66 | FRT RB66
AVG. BFCARB6A | RPM_RB6A| LD_RBEA OGT_RB6A| CINTRBGA | IAT_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 Nm 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_RC61 | RPM_RCE1| LD_RCE? OGT_RC61| CINTRC67 | IAT_RC61 | FRT_RC61
2 8FC_RC62 | RPM_RC62| LD_RCE2 0GT_RC62 CINTRC62 | IAT_RC62 | FRT_RC62
3 BFC_RC63 | RPM_RC63 LD_RC63 OGT_RC63 CINTRC63 | IAT_RC63 | FRT_ARC63
4 BFC_RC64 | RPM_RC64| LD_RC64 OGT_RC64] CINTRC64 | IAT_.RC64 | FRT_RC64
5 BFC_RC65 | RPM_RC65| LD_RC6E5 OGT_RC65 CINTRC65 | IAT_RC65 | FRT_RCES
6 BFC_RC66 | RPM_RCE6| LD_RC66 OGT_RC66| CINTRC66 | IAT_RC66 | FRT_RC66
AVG. BFCARCEA| RPM_RC64 LD_RCEA OGT_RC6A4 CINTRC6A | IAT_RCBA | FRT_RCGA
SD o
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_RAG61 RPM_RA61| LD_RAE1 | OGT_RA61| CINTRA61 | IAT_RA61 FRT_RA61 EBP_RAE1

2 BFC_RA62 | RPM_RA62| LD_RA62 | OGT_RA62| CINTRA62 | IAT_RA62 FRT_RA62 EBP_RAG2

3 BFC_RA63 | RPM_RA63| LD_RA63 | OGT_RA63| CINTRAG63 | IAT_RA63 FRT_RA63 EBP_RA63

4 BFC_RAG4 RPM_RA64) LD_RAB4 | OGT _RA64| CINTRA64 | IAT_RAG4 FRT_RA64 £BP_RAG4

5 BFC_RAG5 RPM_RA65| LD_RA65 | OGT RA65| CINTRA65 | IAT_RA65 FRT_RA66 £BP_RA65

6 BFC_RA66 RPM_RAB6| LD_RA66 | OGT_RA66| CINTRA66 | IAT_RA66 FRT_RAG6 EBP_RA66
AVG. BFCARAGA| RPM_RABA LD_RABA | OGT_RABA| CINTRABA | IAT_RABA FRT_RAGA EBP_RABA

s — — - —
C.V. BFCCRABA

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: ARDTCOMF/DTCOMP

Time Completed: REOTTIME/EOTTIME

Test Number

TAND
Test Stand: s

Runs On The Stand:

RSTRUN/STRUN

Engine No.:

RENGNO/ENGNO

Runs on Engine:

RENRUN/ENRUN

Oil Code: CMIR/OILCODE

Formulation/Stand Code: FORM

Alternate Codes ALTCODET

ALTCODE2

ALTCODE3

Downtime Occurrences

Test Hours Date

Downtime

Reasons

Total Downtime

Total Number of Comments & Qutlier 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 deviatiorepplication of Eq A8.1 for determining the application of FEI
for current reference oils are published by the ASTM TMC. SA.

_ ) i Z, =1.567and ¥, = 1.571 (A8.2)
A8.2 Include all operationally valid reference tests in the

stand control chart. Chart tests in order of completion date and EWMA =0.30(1.573 + 0.70(1.567 = 1.568
time. A minimum of three operationally valid calibration tests

: PR, A8.3 Since || 1.568 || > 0.000, an SA shall be applied.
are required to initialize a control chart. Calculate EWMA X . .
valuesqusing Eq A8.1. Multiply 1.568 by 0.15. This value (0.15) was determined by

the Sequence VI/VIA Surveillance 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

standardized test result, and space for FEI applied SA. Add this value to the non-reference
EWMA of the standardized test result at test order 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 afteuntil the next reference test. At that time, calculate a new
the decimal, exceeds 0.000, then apply an SA to subsequeBWWMA.

A9. STATISTICAL EQUATIONS FOR MEAN AND STANDARD DEVIATION

A9.1 See Eq A9.1 and A9.2. n
Zl [(Yi-Zi) —mear
mean= %Zl [Yi(standard — Zi(reading] (A9.1) standard deviatiorr df (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 fluid on. Verify the flow of test fluid through the injector(s).
accurate, repeatable flow measurement of port fuel injectors idlaintain the test fluid pressure supplied to the injector(s) at
required. This device shall be capable of performing necessago0 + 3.4 kPa during the entire test. The maintenance of this
port fuel injector evaluations as outlined in A10.2. Since nopressure is critical as a small change in pressure will have a
suitable commercially available apparatus has been identifiedramatic effect on the flow rate and spray pattern. Once
design of the test rig is up to the laboratory. Flow test thepressure is set, zero the volume measuring device.

injectors, using Stoddard solvent as the test fluid. 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 reuse@ake 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 to60 s test shall be 188 to 198 mL at 2803.4 kPa of test fluid

ensure that each injector has been cleaned of all oily depositeressure. 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.
A10.2.4 Place the injector(s) in the test rig and turn the test
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All. PRE-TEST MAINTENANCE CHECKLIST

Al11l.1 A checklist for pre-test maintenance is shown in
Table A11.1.

TABLE Al11.1 Pre-test Maintenance Checklist

) . Prior to Each  “Prior 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 b
Clean/flush oil heat exchanger c
Replace fuel filters X
Inspect/service driveline X

Rotate dyno trunion bearings E
Clean/replace EBP probe E

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

CWith 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 P.O. Box 979
necessary hardware, reagents, materials, and apparatus. IrCarrollton, TX 75011-0979
many cases, for the sake of uniformity and ease of acquisition, X1.1.4 Dynamometer- A Midwest Model 758 (50 HP) dry
certain suppliers are named. If substitutions are deemed apprgap dynamometer may be ordered from:
priate for the specified suppliers, permission in writing must be Midwest Dynamometer Engineering Co.
obtained from the TMC before such will be considered to be 3100 River Rd.
equivalent. The following entries for this appendix represent a River Grove, IL 60171
consolidated listing of the ordering information necessary to X1.1.5 Dynamometer Load CeltThe recommended load
complete the references found in the text. cell is a Lebow Model 3397, which may be ordered from:
X1.1.1 General Communications Concerning Sequence VIA Eaton Corp.
Reference Tests, Procedural Questions, and Non-ReferencelLebow Products

Tests: 1728 Maplelawn Rd.
ASTM Test Monitoring Center P.O. Box 1089
Attention: Administrator Troy, MI 48099
6555 Penn Ave. X1.1.6 Cooling System Pressure GafA satisfactory cool-
Pittsburgh, PA 15206-4489 ant system pressure cap (Stant, R-28, 7 psi, normally closed
Telephone: (412) 365-1005 cap) is available through local distributors.

X1.1.2 Reference Oils and Calibration Oi#lsReference X1.1.7 Cooling System Pump (P-HThe specified cooling
oils and calibration oils may be purchased by contacting:  system pump may be obtained from:

ASTM Test Monitoring Center Gould Pumps, Inc.

Attention: Operations Manager 240 Fall st.

6555 Penn Ave. Seneca Falls, NY 13148

Pittsburgh, PA 15206-4489 X1.1.8 Coolant Heat Exchanger (HX-HITT (Model 320-

Telephone: (412) 365-1010 20) or Bell and Gossett (BP 75H-20 or BP 420-20):

X1.1.3 Test Engines- Sequence VIA engines, Part NO. 1T standard Bell and Gossett [TT
R2G-800-XB (AOD-E): 175 Standard Pkwy. 8200 N. Austin Ave.

AER Buffalo, NY 14227 Morton Grove, IL 60053

1605 Surveyor Blvd. X1.1.9 Coolant Orifice Plate (Differential Pressure)
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Daniel Flow Products, Inc.

Flow Measurement Products Division

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

ITT Standard
175 Standard Pkwy.
Buffalo, NY 14227
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-

Bell and Gossett ITT
8200 N. Austin Ave.
Morton Grove, IL 60053

X1.1.12 Water Pump Plate-The water pump may be modi- triputors or:
fied by the laboratory, a water pump plate may be fabricated by Aeroquip Corp.
the laboratory, or a water pump plate may be purchased from: |,q,strial Div.

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, 1A 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):

74

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

MicroMotion, 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 Modute

OH Technologies Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.28 Thermostat Orifice Plate-The thermostat orifice
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plate may be fabricated by the laboratory or may be purchased OH Technologies Inc.

from:
OH Technologies Inc.
9300 Progress Pkwy.
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. F62Z-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 o
may be purchased from:

OH Technologies Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

X1.1.32 Modified Coolant Inlet (Qil Filter Adaptes-The

9300 Progress Pkwy.

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

?vailable from:

Witco Corp.

3230 Brookfield

Houston, TX 77045

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

dispersant No. 425 1 g/L (0.15 oz/gal) premixed in a single use
container is available from:

coolant inlet adapter may be modified by the laboratory or may Wrico Corp.

be purchased from:

OH Technologies Inc.

9300 Progress Pkwy.

P.O. Box 5039

Mentor, OH 44061-5039

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

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, MI 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.
X2.2.
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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
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530

NN N RN NN NN NNONRRNRPDNNNDNRNDNDRNRNDNRNDRNDN 2 2 5 2 4 a3 3 2 4 3 3 3 A3 e w3 =3 23 3 3 3 3 3 3 = =

[AS NV
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

VERSION
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
VINI4O
STRTTIME
VINIT00
TESTLEN
CALOILBT
ENHREND
LABOCODE
FUELBTID
BC1KG
ABCKG
KGC

FEI
BC2KG
FEISA
BCSFTDLT
FETFNL
SDLTRXXX
ACPTRXXX
ENGSN
RSAEVISC

b D 6202

Data Dictionary
Field Decimal Data

Length Size Type Units/Format Description

8 0 C YYYYMMDD VIA VERSION 19990729
40 0 c CONDUCTED FOR, FIRST LINE
40 0 c CONDUCTED FOR, SECOND LINE
1 0 C VvV, TORN TEST LAB VALIDATION (V, I OR N)
2 0 c LAB CODE
8 0 C YYYYMMDD REFERENCE COMPLETED DATE (YYYYMMDD)
8 0 C YYYYMMDD COMPLETED DATE (YYYYMMDD)
5 0 C HH:MM REFERENCE COMPLETED TIME (HH:MM)
5 0 C HH:MM COMPLETED TIME (HH:MM)
5 0 C STAND
4 0 c REFERENCE STAND RUN
4 0 [ STAND RUN
15 0 c REFERENCE LABORATORY INTERNAL ENGINE NUMBER
15 0 c LABORATORY INTERNAL ENGINE NUMBER
4 0 o4 REFERENCE ENGINE NUMBER RUNS
4 0 c ENGINE NUMBER RUNS
38 0 c NON-REFERENCE OIL CODE
) 0 o CMIR
38 0 c FORMULATION/STAND CODE
8 0 c OPERATIONAL VALID - HAS OR HAS NOT
10 0 c ALTERNATE OIL CODE 1
10 0 C ALTERNATE OIL CODE 2
10 0 C ALTERNATE OIL CODE 3
40 0 C SUBMITTED BY: TESTING LABORATORY
70 0 C SUBMITTED BY: SIGNATURE IMAGE
40 0 c SUBMITTED BY: SIGNATURE TYPED NAME
40 0 c SUBMITTED BY: TITLE
7 0 c SAE VISCOSITY GRADE
8 0 C YYYYMMDD BC START DATE (YYYYMMDD)
8 2 N ¢St NEW OIL VISCOSITY @ 40 °C (cSt)
5 0 C HH:MM BC START TIME (HH:MM)
8 2 N ¢St NEW OIL VISCOSITY @ 100 °C (cSt)
8 0 C YYYYMMDD NON-REFERENCE OIL START DATE (YYYYMMDD)
8 2 N cSt AGED 16HR. OIL VISCOSITY & 40 °C (cst)
5 0 C HH:MM NON-REFERENCE OIL START TIME (HH:MM)
8 2 N eSt AGED 16HR. OIL VISCOSITY @ 100 °C (cSt)
3 0 Z HHH TEST LENGTH (HHH)
10 0 [ CALIBRATION OIL BATCH
5 0 C HHHHH NON-REFERENCE ENGINE HOURS & END OF TEST (HHHHH)
12 0 c NON-REFERENCE LABORATORY INTERNAL OIL CODE
10 0 c NON-REFERENCE FUEL BATCH IDENTIFIER
9 6 N kg BC OIL BEFORE NON-REFERENCE OVERALL RESULTS (kg)
9 6 N kg AVERAGE OF BC OIL OVERALL RESULTS (kg)
9 6 N kg TEST OIL OVERALL RESULTS (kg)
6 2 N % FUEL ECONOMY IMPROVEMENT OVERALL RESULTS (%)
9 6 N kg BC OIL AFTER NON-REFERENCE OVERALL RESULTS (kg)
6 2 N % FEI - SEVERITY ADJUSTMENT (%)
6 2 N % BC SHIFT % DELTA (%)
6 2 N % FEI - FINAL RESULT (%)
6 3 N kg/kwh BC STAGE DELTA (kg/kWh)
1 0 c BC ACCEPT Y/N
11 0 o ENGINE SERIAL NUMBER
7 0 o 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
Seguence 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 o 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  RBCIKG 9 6 N kg REFERENCE BC OIL BEFORE TEST OIIL OVERALL RESULTS (kg)
640 2a VIA  RBC2KG 9 6 N kg REFERENCE BC OIL AFTER TEST OIL OVERALL RESULTS (kg)
650 2a VIA  RBCSFTDT [ 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  RSDTRXxxX 6 3 N BSFC REFERENCE BC STAGE DELTA XXX (BSFC)
720 2a VIA  RCPTRxxx 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/kwh 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 10GT16H 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 )
900 4 VIA  XCINT16H 6 1 N °C MAX ENGINE COOLANT INLET TEMP 16 HOUR AGING (°C )
910 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 6 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 OUT TEMP 16 HOUR AGING (°C )
970 4 VIA ICOT16H -] 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 6 1 N °C MAX INTAKE AIR TEMPERATURE 16 HOUR AGING (°C )
1000 4 VIA IINAT 16H 6 1 N °C MIN INTAKE AIR TEMPERATURE 16 HOUR AGING (°C )
1010 4 VIA  AFTMM16H [ 1 N °C AVERAGE FUEL TO FLOWMETER TEMPERATURE 16 HOUR AGING (°C )
1020 4 VIA  XFTMM16H 6 1 N °C MAX. FUEL TO FLOWMETER TEMPERATURE 16 HOUR AGING (°C )
1030 4 VIA  TFTMM16H 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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29-jul-1999

Test

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 o T o - -V B Y B B Y Y BT Bl By B R Ty U B e T T T N T - o I T S o T T e S T T~ I S R S R S T - N SN A - N R T

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
THEAT16H
AINAP16H
XINAP16H
TINAP16H
AFPMM16H
XFPMM16H
1 FPMM16H
AFPFR16H
XFPFR16H
IFPFR16H
AINTV16H
XINTV16H
TINTV16H
AEXBP16H
XEXBP16H
IEXBP16H
AOGP16H

XOGP16H

10GP16H

AMCF16H

XMCF16H

IMCF16H

AFFLO16H
XFFLO16H
[FFLO16H
AINAH16H
XINAH16H
T INAH16H
AAFR16H

XAFR16H

TAFR16H

OCT_Rxxx
COT_Rxxx
FFT_Rxxx
FFTDRxXx
TCT_RxxX
LCT_Rxxx
LCTDRxXX
OHT_RxXX
IAP_RxxX
FFP_Rxxx
FFRPRxXx
IMP_Rxxx
EOP_RxxX
CF__Rxxx
TAH_Rxxx
BFC_Rxxx
RPM_Rxxx
LD__Rxxx
OGT_Rxxx

b D 6202

Report: ASTM Data Dictionary

Field Decimal Data

Length Size

Type Units/Format

Description

N NNV TN TV VTN VDU N NN NN NNV BTN TN O8O0

O S T Y O 1 T G G S S G O T (6 T ¥ JS S GOy 5V R 'Y [N Y [N G S G P NP N T 1S T 2 i S e S O LT ¢ TN 1 T SO

N °C MAX. LOAD CELL TEMPERATURE 16 HOUR AGING (°C )

N °C MIN. LOAD CELL TEMPERATURE 16 HOUR AGING (°C )

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

N °C MAX. OIL HEATER TEMPERATURE 16 HOUR AGING (°C )

N °C MIN. OIL HEATER TEMPERATURE 16 HOUR AGING (°C )

N kPa AVG INTAKE AIR PRESSURE 16 HOUR AGING (kPa)

N kPa MAX INTAKE AIR PRESSURE 16 HOUR AGING (kPa)

N kPa MIN INTAKE AIR PRESSURE 16 HOUR AGING (kPa)

N kPa AVG FUEL PRESSURE TO MICROMOTION 16 HOUR AGING (kPa)
N kPa MAX. FUEL PRESSURE TO MICROMOTION 16 HOUR AGING (kPa)
N kPa MIN. FUEL PRESSURE TO MICROMOTION 16 HOUR AGING (kPa)
N kPa AVG. FUEL PRESSURE TO FUEL RAIL 16 HOUR AGING (kPa)
N kPa MAX. FUEL PRESSURE TO FUEL RAIL 16 HOUR AGING (kPa)
N kPa MIN. FUEL PRESSURE TO FUEL RAIL 16 HOUR AGING (kPa)
N kPa AVG INTAKE VACUUM 16 HOUR AGING (kPa)

N kPa MAX INTAKE VACUUM 16 HOUR AGING (kPa)

N kPa MIN INTAKE VACUUM 16 HOUR AGING (kPa)

N kPa AVG EXHAUST BACK PRESSURE 16 HOUR AGING (kPa)

N kPa MAX EXHAUST BACK PRESSURE 16 HOUR AGING (kPa)

N kPa MIN EXHAUST BACK PRESSURE 16 HOUR AGING (kPa)

N kPa AVG OIL GALLERY PRESSURE 16 HOUR AGING (kPa)

N kPa MAX OIL GALLERY PRESSURE 16 HOUR AGING (kPa)

N kPa MIN OIL GALLERY PRESSURE 16 HOUR AGING (kPa)

N L/min AVG ENGINE MAIN COOLANT FLOW 16 HOUR AGING (L/min)
N L/min MAX ENGINE MAIN COOLANT FLOW 16 HOUR AGING (L/min)
N L/min MIN ENGINE MAIN COOLANT FLOW 16 HOUR AGING (L/min)
N kgs/h AVERAGE FUEL FLOW 16 HOUR AGING (kg/h)

N kg/h MAX. FUEL FLOW 16 HOUR AGING (kg/h)

N kg/h MIN. FUEL FLOW 16 HOUR AGING (kg/h)

N grains/kg AVG INTAKE AIR HUMIDITY 16 HOUR AGING (grains/kg)

N grains/kg MAX INTAKE AIR HUMIDITY 16 HOUR AGING (grains/kg)

N grains/kg MIN INTAKE AIR HUMIDITY 16 HOUR AGING (grains/kg)

N AVG AIR TO FUEL RATIO 16 HOUR AGING

N MAX AIR TO FUEL RATIO 16 HOUR AGING

N MIN AIR TO FUEL RATIO 16 HOUR AGING

N °C OIL CIRCULATION TEMPERATURE (°C )

N °C COOLANT OUT TEMPERATURE (°C )

N °C FUEL TO FLOWMETER TEMPERATURE (°C )

N °C DELTA FUEL TO FLOWMETER TEMPERATURE (°C )

N °C TEST CELL TEMPERATURE (°C )

N °C LOAD CELL TEMPERATURE (°C )

N °C DELTA LOAD CELL TEMPERATURE (°C )

N °C OIL HEATER TEMPERATURE (°C )

N kPa INTAKE AIR PRESSURE (kPa)

N kPa FUEL TO FLOWMETER PRESSURE (kPa)

N kPa FUEL TO FUEL RAIL PRESSURE (kpPa)

N kPa INTAKE MANIFOLD PRESSURE (kPa)

N kPa ENGINE OIL PRESSURE (kPa)

N L/min COOLANT FLOW (L/min)

N grains/kg INTAKE AIR HUMIDITY (grains/kg)

N kg/kwh BSFC (kg/kwh)

N r/min SPEED (r/min)

N N-m LOAD (N-m)

N °C OIL GALLERY TEMPERATURE (°C )

FIG. X2.1 Data Dictionary (continued)
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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
1630 8 VIA  CINTRXxX 6 1 N °C COOLANT IN TEMPERATURE (°C )
1640 8 VIA TAT_RXXX 5 1 N °C INTAKE AIR TEMPERATURE (°C )
1650 8 VIA FRT_RXxX 5 1 N °C FUEL RAIL TEMPERATURE (°C )
1660 8 VIA  EBP_Rxxx 7 2 N kPa EBP (kPa)
1670 8 VIA FCR_RXXX 6 3 N kg/h FUEL FLOW (kg/h)
1680 8 VIA  AFR_Rxxx 6 2 N AIR TO FUEL RATIO
1690 8 VIA AFRDR XXX 6 2 N DELTA AIR TO FUEL RATIO
1700 8 VIA BFCSRXxxx 7 4 N kg/kWwh BSFC STANDARD DEVIATION (kg/kWh)
1710 14 VIA  DWNOCR 3 0 4 NUMBER OF DOWNTIME OCCURENCES
1720 14 VIA DOWNHXXX 6 0 C HHH:MM DOWN TIME TEST HOURS (HH:MM)
1730 14 VIA  DDATHxxx 8 0 C YYYYMMDD DOWNTIME DATE (YYYYMMDD)
1740 14 VIA  DTIMHxxx 5 0 C HH:MM DOWNTIME TIME (HH:MM)
1750 14 VIA DREAHXXX 60 0 C DOWNTIME REASON
1760 14 VIA TOTLDOWN 6 0 C HHH:MM DOWNTIME TIME TOTAL (HHH:MM)
1770 14 VIA  TOTCOM 2 0 z TOTAL LINES OF COMMENTS & OUTLIERS
1780 14 VIA  OCOMHxxx 70 0 c OTHER DOWNTIME COMMENTS XXX

FIG. X2.1 Data Dictionary (continued)
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# #
# Data Dictionary Repeating #
# Field Specifications #
# #

HHAHHAHAFHAHAHAH A I A H A H A A H A B H A H R R HE B
The following contains specifications and field groupings for fields in the
Data Dictionary that are REPEATING Fields. These fields can be identified
in the Data Dictionary by the Hxxx or Rxxx in the last four positions of the
field name.

Repeating fields are used to specify repeating measurements.

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

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

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

The linesg 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_HO08
DVISHO08
PVISHO08
VIS _HO16
DVISHO16
DVISHO16

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.

T e e o e oHE S St SHe He o o R TR B B b oHe oHe oHE oHE oHE o o o oHE oHe oHe oHe oHE o cHe o o HE oHE oHE cHe e o o e o

HHHHHH S AR S S R R R R R R e R e e e

# Start of Field Grouping Specifications #
RHEHARHH A HEHHAH RS H AR A A AR A AR A A R AR AR AR A R A A S
#

VIA VERSION 19990729
SDLTRxxx SDLTRxXxXX BC STAGE DELTA (kg/kwWh)
001 002 003 004 005 006 MEN

ACPTRxxx SDLTRxXXX BC ACCEPT Y/N

001 002 003 004 005 006
FIG. X2.2 Repeating Field Specifications
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RSDTRxXxX RSDTRXXX
001 002 003 004 005

RCPTRxxx RSDTRXXX
001 002 003 004 005

BFCARxxx BFCARXxXX
Al1A A2A A3A A4A ASBA

BFCCRxxx BFCARXXX
A1A A2A A3A A4A ASA

WFC_Rxxx BFCARXXX
AlA AZ2A A3A A4A ALA

OCT_Rxxx OCT_RXXX
AQ1 A02 AQ3 AO4 A0S

COT_Rxxx OCT_Rxxx
AQ01 AO02 AO03 A04 AO5

FFT Rxxx OCT_RxxX
AQ1 A0Z2 AO3 A04 A0S

FFTDRxxx OCT_RxxX
A01 A02 AO3 A04 AO5

TCT_Rxxx OCT_RxxX
AO01 A02 AO3 A04 AO5

LCT_Rxxx OCT_RxxXX
A0l AD2 A03 AD4 A0S

LCTDRxxx OCT_ Rxxx
AO01 A02 AO03 AO4 A0S

OHT_Rxxx OCT_RxxxX
A0l A02 AO03 A04 AOS

IAP Rxxx OCT_RXXX
AO1 AO02 AO3 AO4 AOS

FFP_Rxxx OCT_RXXX
AQ1 AO2 A03 A04 AO5

FFRPRxxx OCT_Rxxx
A0l A02 AO3 A04 AOSB

IMP Rxxx OCT_RxxXX
A0l AQ02 A03 A04 A0S

EOP_Rxxx OCT_RXXX
AQ1-A02 AO3 AO4 AO5

CF__Rxxx OCT_Rxxx
AQ1l AQ02 A03 A04 A0S

ITAH Rxxx OCT Rxxx
AQ1 A02 AO3 A04 A0S

b D 6202

REFERENCE BC STAGE DELTA XXX
006 MEN

(BSFC)
REFERENCE BC ACCEPT Y/N XXX
006

AVERAGE BSFC (kg/kwWh)
A6A B1A B2A

COEFFICIENT
A6A B1lA B2A

WEIGHT FUEL
A6A Bl1A B2A

CONSUMED (kg)

OIL CIRCULATION TEMPERATURE
AQ6 BO1

(DEG C)

COOLANT
AO6 BO1

OUT TEMPERATURE (DEG C)

FUEL TO
AO06 BO1

FLOWMETER TEMPERATURE
DELTA FUEL TO FLOWMETER TEMPERATURE
A06 BO1 BO2 BO3 B0O4 BO5 BO6 CO1 CO2

TEST CELL TEMPERATURE (DEG C)
AO06 BO1l BO2 BO3 B0O4 BO5 BOe CO1 CO2

LOAD CELL TEMPERATURE (DEG C)
A06 BO1l BO2 B0O3 BO4 BO5 BO6 CO1 CO2

DELTA LOAD CELL TEMPERATURE (DEG C)
AO06 BO1l B0OZ BO3 B0O4 BO5 BO6 CO1 CO2

OIL HEATER TEMPERATURE (DEG C)
AC6 B0l BO2 B0O3 B0O4 BO5 BO6 CO1 CO2

INTAKE AIR PRESSURE (kPa)
A06 BO1 BO2 B03 B04 BOS5 B06 C01 CO02

FUEL TO
AQ06 BOL

FLOWMETER PRESSURE (kPa)
B0z BO3 BO4 BO5 BO6 CO01 CO2

FUEL TO
AQ06 BO1

FUEL RAIL PRESSURE (kPa)
B02 BO3 BO04 B05 B06 CO1 CO2

INTAKE MANIFOLD PRESSURE (kPa)
A06 BO1 BO2 B0O3 B04 BO5 BO6 CO01 CO02
ENGINE OIL PRESSURE (kPa)

AQ6 BO1l BO2 B03 B04 BO5 BO6 C01 CO2
COOLANT FLOW (L/min)

AQ6 BO1l BO2 B0O3 B0O4 BO5 B06 CO01 CO2
INTAKE AIR HUMIDITY (grains/kg)
A06 BO1l BO2 B0O3 B04 BO5 BO6 CO1

FIG. X2.2 Repeating Field Specifications  (continued)
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(DEG C)
B0O2 BO3 B04 BO5 B06 CO01 C02 C03 C04

B3A B4A BS5A B6A C1lA C2A C3A C4A

OF VARIATION COMPUTED AVERAGES

B3A B4A B5A B6A ClA C2A C3A C4A

B3A B4A B5A B6A ClA C2A C3A C4A

B02 BO3 BO4 BO5 B06 C01 C02 C03 C04

BO2 BO3 B0O4 BO5 BO6 C01 CO02 C03 C04

(DEG C)

Co3

Co3

Co3

Co3

Co3

Co3

Co3

Co3

co3

Co3

Co3

Cco3

C04

Co4

Co4

Co4

Co4

C04

Co4

Co4

Co4

Co4

co4

C04

C5A

C5A

C5Aa

Co5

C0o5

CO05

Co05

Cos

Cos

Co5

Co5

C05

CO05

Co05

CO05

CO05

Co5

co5

Cea

Cé6A

ceéa

(0]

Co6

Co6

Coe6

Co6

Coe6

Co6

Co6

Co6

Co6

Co6

Co6

Co6

Co6

Co6
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BFC_Rxxx BFC_Rxxx  BSFC (kg/kwh)

A1l A12 Al13 Al4 Al5 Alé6 A21 A22 A23 A24 A25 A26 A31 A32 A33 A34 A35 A36
A41 A42 A43 A44 A45 A46 ASB1 AB2 A53 AS54 ABS5 AB6 A6l A62 A63 A64 A65 A66
Bll B12 B1l3 B14 B15 Bl6 B21 B22 B23 B24 B25 B26 B31 B32 B33 B34 B35 B36
B41 B42 B43 B44 B45 B46 B51 B52 B53 B54 B55 B56 B61 B62 B63 B64 B65 B66
Cll C12 C13 (C14 C15 Cile6 C21 (C22 C23 C24 C25 (C26 C31 C32 C33 C34 C35 C36
C41 C42 (C43 (C44 (C45 C46 CB1 Ch2 C53 Ch4 Chb5 C56 C61 C62 Ce3 (C64 C65 C66

RPM Rxxx BFC Rxxx  SPEED (r/min)

A1l Al12 Al13 Al4 Al5 Ale6e AlA A21 A22 A23 A24 A25 A26 A2A A3l A32 A33 A34
A35 A36 A3A A41 A42 R43 A44 A45 A46 A4A AS1 AB2 AB3 A54 AL5 A56 ALBA A6l
A62 A63 A64 A65 A66 AG6A Bll B1l2 B13 Bl4 B15 Ble B1A B21 B22 B23 B24 B25
B26 B2A B31 B32 B33 B34 B35 B36 B3A B4l B42 B43 B44 B45 B46 B4A B51 B52
B53 BS54 B55 B56 BSA B61 B62 B63 B64 B65 B66.B6A Cl1 (12 Ci3 Ci4 C15 C16
ClA C21 C22 C23 (C24 (€25 C26 C2A C31 C32 C33 (C34 (C35 C36 C3A C41 C42 C43
C44 C45 C46 C4A CH1 Ch2 C53 Ch4 C55 C56 C5A C61l Ce2 Ce3 Cée4 Ce5 C66 CoA

LD Rxxx BFC_RxxX LOAD (N-m)
All Al2 Al13 Al4 Al5 Ale AIA A21 A22 A23 A24 A25 A26 A2A A31 A32 A33 A34
A35 A36 A3A A41 A42 A43 A44 A45 RA46 A4A AB1 A52 A53 AB4 A55 A56 ALA A6l
A62 A63 A64 A65 A66 A6A Bll Bl2 B13 Bl4 B15 B1l6é B1lA B21 B22 B23 B24 B25
B26 B2A B31 B32 B33 B34 B35 B36 B3A B4l B42 B43 B44 B45 B46 B4A B51 B52
B53 B54 B55 B56 B5A B61l B62 B63 B64 B65 B66 B6A Cl1l Cl2 C13 Cl4 Cl5 Cle
ClAa C21 C22 (C23 C24 (25 C26 C2A (C31 C32 C33 C34 C35 C36 C3A C41 C42 C43

C44 C45 C46 C4A (C51 C52 (C53 C54 C55 C56 C5A C61 C62 C63 Ce4 C65 Cé66 C6A

OGT_Rxxx BFC_RxXxXX OIL GALLERY TEMPERATURE (DEG C)

A1l Al12 Al3 Al4 Al5 Alé6 AIA A21 A22 A23 A24 A25 A26 A2A A31 A32 A33 A34
A35 A36 A3A A41 A42 A43 A44 A45 RA46 A4A AS1 AB2 A53 A4 AS55 A56 ASA A6l
A62 A63 D64 A65 A66 AG6A Bll Bi2 B1l3 B1l4 B1l5 B1l6 B1lA B21 B22 B23 B24 B25
B26 B2A B31 B32 B33 B34 B35 B36 B3A B41 B42 B43 B44 B45 B46 B4A B51 B52
B53 B54 B55 B56 B5A B61 B62 B63 B64 B65 B66 B6A Cll Cl2 C13 Cl4 C15 Cile
C1A C21 C22 C23 (C24 C25 (C26 C2A (C31 (C32 (C33 C34 (C35 (C36 C3A C41 C42 C43
C44 C45 C46 C4A C51 C52 C53 (C54 C55 C56 C5A Ce61l Cé2 (C63 Ce4 Ce5 C66 CéA

CINTRxxx BFC_ Rxxx COOLANT IN TEMPERATURE (DEG C)

All Al2 Al13 Al4 Al5 Al6 AIA A21 A22 A23 A24 A25 A26 A2A A31 A32 A33 A34
A35 A36 A3A A4l RA42 A43 R44 RA4A5 A46 A4A AB1 AB2 AS3 A4 AS55 A56 ABA A6l
A62 A63 A64 A65 A66 A6A Bll B1l2 B13 Bl4 B1l5 Blé6 B1lA B21 B22 B23 B24 B25
B26 B2A B31 B32 B33 B34 B35 B36 B3A B4l B42 B43 B44 B45 B46 B4A B51 B52
B53 B54 B55 B56 BS5A B61 B62 B63 B64 B65 B66 B6A Cll Cl2 C13 Cl4 C15 Cl6
ClA C21 C22 (C23 (C24 (25 C26 C2A (C31 C32 C33 (C34 C35 C36 C3A (C41 C42 C43
C44 C45 C46 C4A C51 C52 (C53 C54 CB55 C56 C5A C61 Cé2 C63 Ce4 Ce5 C66 CéA

IAT Rxxx BFC_RXXX INTAKE AIR TEMPERATURE (DEG C)

All Al2 Al13 Al4 Al5 Al6 AL1A A21 A22 A23 A24 A25 A26 A2A A3l A32 A33 A34
A35 A36 A3A A41 D42 A43 A44 A4S A46 A4A A51 AS2 AS53 AS54 A55 AS56 ASBA A6l
A62 A63 A64 A65 A66 AGA B1ll B1l2 B13 B1l4 B15 B1l6 B1lA B21 B22 B23 B24 B25
B26 B2A B31 B32 B33 B34 B35 B36 B3A B41 B42 B43 B44 B45 B46 B4A B51 B52
B53 B54 B55 B56 BS5A B61 B62 B63 B64 B65 B66 B6A Cl1l Ci2 C13 Cl4 C15 Cleé
ClA C21 C22 (C23 C24 C25 (C26 C2A C31 (C32 (C33 C34 (C35 (C36 C3A C41 C42 C43
C44 C45 C46 C4A C51 C52 C5B3 (54 C55 C56 C5A C61 Cé62 C63 C64 C65 C66 C6A

FRT Rxxx BFC_RxxX FUEL RAIL TEMPERATURE (DEG C)

All Al12 Al13 Al4 Al5 Alé A1A A21 A22 A23 A24 A25 A26 A2A A31 A32 A33 A34

A35 A36 A3A A41 A42 RA43 A44 A45 Ad6 A4A A51 A2 A3 A54 AS55 AH6 ALA A6l

A62 A63 A64 A5 A66 AGA Bll B1l2 B13 Bl4 B1l5 Bl6 B1A B21 B22 B23 B24 B25

B26 B2A B31 B32 B33 B34 B35 B36 B3A B41l B42 B43 B44 B45 B46 B4A B51 B52

B5E3 B54 B55 B56 BSA B61 B62 B63 B64 B65 B66 B6A Cll Cl2 Cl3 Cl4 Cls5 Cle
FIG. X2.2 Repeating Field Specifications  (continued)
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Cla C21 C22 C23 Cz4
C44 C45 C46 C4A C51

EBP_Rxxx BFC_RxxxX

All
A35
Ae62
B26
B53
Cla
C4a4

FCR_

All
A3b
AG2
B26
B53
Clia
C44

Al2
A36
A63
B2A
B54
c21
C45

Al3
A3A
Ab4
B31
B55
c22
C46

Al4
A4l
A65
B32
B56
C23
C4A

Al5
A42
A66
B33
B5A
C24
Ch1

Rxxx BFC_RxxX

Al2
A36
A63
B2A
B54
cz21
C45

Al3
A3A
Ab4
B31
B55
cz2z2
C46

Al4
A4l
A65
B32
B56
C23
C4A

Al5
A42
Ab66
B33
B5A
C24
Ch51

AFR Rxxx BFC_Rxxx

All
A35
Ab2
B26
B53
CiAa
C44

Al2
A36
A63
B2a
B54
c21
C45

Al3
A3A
Ab64
B31
B55
c22
C46

Al4
A4l
Ab5
B32
B56
C23
C4A

Al5
A42
AB6
B33
B5A
C24
C51

AFRDRxxx BFC_RxxX
A1A A2A A3A A4A ASA

BFCSRxxx BFCSRxXX
A1A A2A A3A A4A ABA

DOWNHxxxX

DDATHXXX

DTIMHxxx

DREAHXXX

OCOMHxxx%

DOWNHxxxX

DOWNHxxX

DOWNHxXXX

DOWNHxxX

OCOMHxxx
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C25 C26 C2A (C31 C32 (C33 (C34 (C35
C52 (C53 (C54 (C55 C56 C5A (Cé61 (62

EBP (kPa)

Al6 AlA A21 A22 A23 A24 A25 A26
D43 A44 A45 A46 A4A AS51 A52 AS53
A6A Bll B1i2 B1l3 Bl4 B1l5 BR1lé6 B1lA
B34 B35 B36 B3A B4l B42 B43 B44
B61 B62 B63 B64 B65 B66 BoA Cli
C25 C26 C2A (C31 C32 C33 (C34 (C35
C52 C53 C54 (C55 C56 ChA C61 Ce2

FUEL FLOW (kg/h)

A16 AlA A21 A22 A23 A24 A25 A26
A43 A44 A45 A46 A4A AS1 A52 A53
A6A Bll B12 B13 Bl4 B15 B16 Bl1A
B34 B35 B36 B3A B4l B42 B43 B44
B61 B62 B63 B64 B65 B66 B6A Cl1l
C25 C26 C2A C31 C32 (€33 (34 C35
C52 C53 C54 C55 C56 C5A C61 C62
AIR TO FUEL RATIO

Al16 A1A A21 A22 A23 A24 A25 A26
D43 A44 A4S A46 A4A AS1 AS52 A53
A6A Bll B12 B13 Bl4 B15 B16 B1A
B34 B35 B36 B3A B4l B42 B43 B44
B61 B62 B63 B64 B65 B66 B6A Cll
C25 C26 C2A C31 C32 C33 (€34 C35
C52 C53 C54 C55 C56 C5A C61 C62

DELTA AIR TO FUEL RATIO
A6A B1A B2A B3A B4A B5A B6A ClA

BSFC STANDARD DEVIATION (kg/kWh)
AcA B1A B2A B3A B4A B5SA B6A ClA
DOWN TIME TEST HOURS (HH:MM)
DOWNTIME DATE (YYYYMMDD)
DOWNTIME TIME (HH:MM)

DOWNTIME REASON

OTHER DOWNTIME COMMENTS XXX

FIG. X2.2 Repeating Field Specifications  (continued)
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