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1. Scope 2. Referenced Documents

1.1 This laboratory test method covers the quantitative 2.1 ASTM Standards:
determination of the knock rating of liquid spark-ignition D 1193 Specification for Reagent Water
engine fuel in terms of Research O.N., except that this test D 1744 Test Method for Water in Liquid Petroleum Prod-
method may not be applicable to fuel and fuel components that ucts by Karl Fischer Reagént
are primarily oxygenatesThe sample fuel is tested using a D 2268 Test Method for Analysis of High-PurityHeptane
standardized single cylinder, four-stroke cycle, variable com-  andIsooctane by Capillary Gas Chromatography
pression ratio, carbureted, CFR engine run in accordance with D 2360 Test Method for Trace Impurities in Monocyclic
a defined set of operating conditions. The O.N. scale is defined Aromatic Hydrocarbons by Gas Chromatography
by the volumetric composition of PRF blends. The sample fuel D 2700 Test Method for Motor Octane Number of Spark-
knock intensity is compared to that of one or more PRF blends. Ignition Engine Fuél
The O.N. of the PRF blend that matches the K.I. of the sample D 2885 Test Method for Research and Motor Method Oc-
fuel establishes the Research O.N. tane Ratings Using On-Line Analyzérs
1.2 The O.N. scale covers the range from 0 to 120 octane D 3116 Test Method for Trace Amounts of Lead in Gaso-
number but this test method has a working range from 40 to  line’
120 Research O.N. Typical commercial fuels produced for D 3237 Test Method for Lead in Gasoline by Atomic
spark-ignition engines rate in the 88 to 101 Research O.N. Absorption Spectrometfy
range. Testing of gasoline blend stocks or other process streamD 3703 Test Method for Peroxide Number of Aviation
materials can produce ratings at various levels throughout the Turbine Fuel®
Research O.N. range. D 4057 Practice for Manual Sampling of Petroleum and
1.3 The values of operating conditions are stated in Sl units  Petroleum Producis
and are considered standard. The values in parentheses are th® 4175 Terminology Relating to Petroleum, Petroleum
historical inch-pound units. The standardized CFR engine Products, and Lubricarits
measurements continue to be in inch-pound units only because D 4177 Practice for Automatic Sampling of Petroleum and
of the extensive and expensive tooling that has been created for Petroleum Producis
this equipment. D 4814 Specification for Automotive Spark-Ignition Engine
1.4 This standard does not purport to address all of the FueP
safety concerns, if any, associated with its use. It is the E 1 Specification for ASTM Thermometéfs
responsibility of the user of this standard to establish appro- E 542 Practice for Calibration of Laboratory Volumetric
priate safety and health practices and determine the applica- Apparatus®
bility of regulatory limitations prior to use.See 8.1-8.3, 2.2 ANSI Standard?
8.3.1-8.3.3, 8.4-8.6, 13.4.1, 1451, 145.4, 15.6.1, A2.3.9,
A3.2.7.2@), A4.2.3.1, A4.2.3.3] and (), A4.3.5 X2.3.7,
X3.2.3.1, X3.3.4.1, X3.3.9.3, X3.3.11.4, and X3.5.1.8 an

d—
e 3 Annual Book of ASTM Standardgol 11.01.
Annex Al for specific hazard statements. 4 Annual Book of ASTM Standasdéol 05,01,

% Annual Book of ASTM Standardgol 06.04.
1 This test method is under the jurisdiction of ASTM Committee D02 on ¢ Annual Book of ASTM Standardgol 05.04.
Petroleum Products and Lubricants and is the direct responsibility of Subcommittee “ Discontinued; se@994 Annual Book of ASTM Standardel 05.02.

D02.01 on Combustion Characteristics. 8 Annual Book of ASTM Standardgol 05.02.
Current edition approved June 10, 2001. Published July 2001. Originally ° Annual Book of ASTM Standatdgol 05.03.
published as D 2699 — 68. Last previous edition D 2699 — 99. 19 Annual Book of ASTM Standardgol 14.03.

2 Motor O.N., determined using Test Method D 2700, is a companion method to  ** Annual Book of ASTM Standardgol 14.02.
provide a similar but typically lower octane rating under more severe operating *? Available from American National Standards Institute, 11 W. 42nd St., 13th
conditions. Floor, New York, NY 10036.
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C-39.1 Requirements for Electrical Analog Indicating In- 3.1.11 knockmeter n—for knock testing the 0 to 100
struments division indicating meter that displays the knock intensity

. signal from the detonation meter.

3. Terminology 3.1.12 knock intensityn—for knock testinga measure of

3.1 Definitions: the level of knock.

3.1.1 check fuels n—for quality control testing spark- 3.1.13 motoring n—for the CFR engingoperation of the
ignition engine fuels of selected characteristics that have&cFR engine without fuel and with the ignition shut off.
calibrated octane numbers based on round-robin testing by 3.1.14 octane numbern—for spark-ignition engine fuel
multiple CFR engines, preferably in different laboratories.  any one of several numerical indicators of resistance to knock

3.1.2 cylinder height, r-for the CFR engingthe relative  obtained by comparison with reference fuels in standardized
vertical position of the engine cylinder with respect to theengine or vehicle tests. (D 4175)
piston at top dead center (tdc) or the top machined surface of 3.1.14.1 Research octane number—or spark-ignition
the crankcase. engine fuglthe numerical rating of knock resistance obtained

3.1.2.1dial indicator reading, r—for the CFR enginea by comparison of its knock intensity with that of primary
numerical indication of cylinder height, in thousandths of anreference fuel blends when both are tested in a standardized
inch, indexed to a basic setting at a prescribed compressiaDFR engine operating under the conditions specified in this test
pressure when the engine is motored. method.

3.1.2.2 digital counter reading, fA-for the CFR enginga 3.1.15 oxygenate n—an oxygen-containing organic com-
numerical indication of cylinder height, indexed to a baSiCpound, which may be used as a fuel or fuel supplement, for
setting at a prescribed compression pressure when the enginedigample, various alcohols and ethers. (D 4175)
motored. 3.1.16 primary reference fuels,-afor knock testing, isoc-

3.1.3 detonation metern—for knock testing the signal tane n-heptane, volumetrically proportioned mixturessioc-
conditioning instrumentation that accepts the electrical signalane withn-heptane, or blends of tetraethylleadigwoctane
from the detonation pickup and provides an output signal fothat define the octane number scale.
display. 3.1.16.1primary reference fuel blends below 100 octane,

3.1.4 detonation pickup n—for knock testing a  n—the volume % ofisooctane in a blend witm-heptane that
magnetostrictive-type transducer that threads into the engingefines the octane number of the blerisigoctane being
cylinder and is exposed to combustion chamber pressure #gssigned as 100 andheptane as 0 octane number.
provide an electrical signal that is proportional to the rate-of- 3.1.16.2 primary reference fuel blends above 100 octane,
change of cylinder pressure. n—the millilitres per U.S. gallon of tetraethyllead ispoctane

3.1.5 dynamic fuel leveln—for knock testingtest proce- that define octane numbers above 100 in accordance with an
dure in which the fuel-air ratio for maximum knock intensity empirically determined relationship.
for sample and reference fuels is determined using the falling 3.1.17 spread n—in knock measuremerthe sensitivity of
level technique that changes carburetor fuel level from a highhe detonation meter expressed in knockmeter divisions per
or rich mixture condition to a low or lean mixture condition, at gctane number.

a constant rate, causing knock intensity to rise to a maximum 3.1.18 standard knock intensityn—for knock testing that
and then decrease, thus permitting observation of the maxijevel of knock established when a primary reference fuel blend
mum knockmeter reading. of specific octane number is used in the knock testing unit at

3.1.6 equilibrium fuel level n—for knock testingtest pro-  maximum knock intensity fuel-air ratio, with the cylinder
cedure in which the fuel-air ratio for maximum knock intensity height (dial indicator or digital counter reading) set to the
for sample and reference fuels is determined by makingrescribed guide table value. The detonation meter is adjusted
incremental step changes in carburetor fuel level, observing thg produce a knockmeter reading of 50 for these conditions.
equilibrium knock intensity for each step and selecting the 3.1.19 toluene standardization fuels—for knock testing

level that produces the highest knock intensity reading. those volumetrically proportioned blends of two or more of the
3.1.7 firing, n—for the CFR engineoperation of the CFR  following: reference fuel grade toluenesheptane, andsooc-
engine with fuel and ignition. tane that have calibrated octane numbers and prescribed rating

3.1.8 fuel-air ratio for maximum knock intensjtyn—for  tolerances.
knock testingthat proportion of fuel to air that produces the 3.2 Abbreviations:Abbreviations:
highest knock intensity for each fuel in the knock testing unit, 3.2.1 C.R.= compression ratio
provided this occurs within specified carburetor fuel level 3.2.2 |AT = intake air temperature
limits. 3.2.3 K.I. = knock intensity

3.1.9 guide tables n—for knock testingthe specific rela- 3.2.4 O.N.= octane number
tionship between cylinder height (compression ratio) and 3.2.5 PRF= primary reference fuel
octane number at standard knock intensity for specific primary 3.2.6 TSF= toluene standardization fuel
reference fuel blends tested at standard or other specified

3.1.10 knock n—in a spark-ignition engineabnormal com- 4.1 The Research O.N. of a spark-ignition engine fuel is
bustion, often producing audible sound, caused by autoignitiodetermined using a standard test engine and operating condi-
of the air/fuel mixture. (D 4175) tions to compare its knock characteristic with those of PRF
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blends of known O.N. Compression ratio and fuel-air ratio aredefines the antiknock index of automotive spark-ignition en-

adjusted to produce standard K.l. for the sample fuel, agine fuels, in accordance with Specification D 4814. The

measured by a specific electronic detonation meter instrumemintiknock index of a fuel approximates the Road octane ratings
system. A standard K.I. guide table relates engine C.R. to O.Nor many vehicles, is posted on retail dispensing pumps in the
level for this specific method. The fuel-air ratio for the sampleU.S., and is referred to in vehicle manuals.

fuel and each of the primary reference fuel blends is adjusted  antiknock index= 0.5 Research O.Nt 0.5 Motor O.N.+ 0 (2)

to maximize K.l. for each fuel.

4.1.1 The fuel-air ratio for maximum K.I. may be obtained This is more commonly presented as:

(1) by making incremental step changes in mixture strength, Antiknock Index— (R+M) @)
observing the equilibrium K.l. value for each step, and then 2
selecting the condition that maximizes the reading 2)rkly 5.2.3 Research O.N. is also used either alone or in conjunc-

picking the maximum K.I. as the mixture strength is changedion with other factors to define the Road O.N. capabilities of

from either rich-to-lean or lean-to-rich at a constant rate.  spark-ignition engine fuels for vehicles operating in areas of
4.2 Bracketing ProceduresThe engine is calibrated to the world other than the United States.

operate at standard K.I. in accordance with the guide table. The 5,3 Research O.N. is used for measuring the antiknock

fuel-air ratio of the sample fuel is adjusted to maximize theperformance of spark-ignition engine fuels that contain oxy-

K.I., and then the cylinder height is adjusted so that standargenates.

K.I. is achieved. Without changing cylinder height, two PRF 5.4 Research O.N. is important in relation to the specifica-

blends are selected such that, at their fuel-air ratio for maxitions for spark-ignition engine fuels used in stationary and

mum K.I., one knocks harder (higher K.I.) and the other softeibther nonautomotive engine applications.

(lower K.I.) than the sample fuel. A second set of K.l

measurements for sample fuel and PRF blends is required, afid Interferences

the sample fuel octane number is calculated by interpolationin 6.1 Certain gases and fumes that can be present in the area

proportion to the differences in average K.l. readings. A finakyhere the knock testing unit is located may have a measurable
condition requires that the cylinder height used shall be withineffect on the Research O.N. test result.

prescribed limits around the guide table value for the calculated g 1.1 Halogenated refrigerant used in air conditioning and

O.N. Bracketing procedure ratings may be determined usingefrigeration equipment can promote knock. Halogenated sol-

either the equilibrium fuel level or dynamic fuel level fuel-air yents can have the same effect. If vapors from these materials

ratio approach. S ~ enter the combustion chamber of the CFR engine, the Research
4.3 C.R. Procedure-A calibration is performed to establish o.N. obtained for sample fuels can be depreciated.

standard K.I. using the cylinder height specified by the guide g2 Electrical power subject to transient voltage or fre-

table for the.O.N.. of the selectt_ad_PRF. The fuel-air ratio of_thq]uency surges or distortion can alter CFR engine operating

sample fuel is adjusted to maximize the K.I. under equilibriumconditions or knock measuring instrumentation performance

conditions; the cylinder height is adjusted so that standard K.land thus affect the Research O.N. obtained for sample fuels.
is achieved. The calibration is reconfirmed and the sample fuel

rating is repeated to establish the proper conditions a secord Apparatus
time. The average cylinder height reading for the sample fuel, 7 1 Engine EquipmeA?—This test method uses a single
compensated for barometric pressure, is converted directly tQjinger, CFR engine that consists of standard components as
O.N., using the guide table. A final condition for the rating to|jows: crankcase, a cylinder/clamping sleeve assembly to
requires that the sample fuel O.N. be within prescribed limits, oyide continuously variable compression ratio adjustable
around that of the O.N. of the single PRF blend used 1Qyith the engine operating, a thermal syphon recirculating
calibrate the engine to the guide table standard K.I. condltloqacket coolant system, a multiple fuel tank system with selector
o valving to deliver fuel through a single jet passage and
5. Significance and Use carburetor venturi, an intake air system with controlled tem-

5.1 Research O.N. correlates with commercial automotivgyerature and humidity equipment, electrical controls, and a
spark-ignition engine antiknock performance under mild consuitable exhaust pipe. The engine flywheel is belt connected to
ditions of operation. a special electric power-absorption motor utilized to both start

5.2 Research O.N. is used by engine manufacturers, petrghe engine and as a means to absorb power at constant speed
leum refiners and marketers, and in commerce as a primaghen combustion is occurring (engine firing). See Fig. 1.
specification measurement related to the matching of fuels and 7.1.1 See Annex A2 for details and description of all critical,
engines. non-critical, and equivalent engine equipment.

5.2.1 Empirical correlations that permit calculation of auto- 7.2 Instrumentatioh®>—This test method uses electronic
motive antiknock performance are based on the general equdetonation metering instrumentation to measure the intensity of
tion:

Road O.N.= (k; X Research O.N.+ (k, X Motor O.N) + kg (1)

; i ; 13 Engine equipment and instrumentation are available from the single source
Values ofky, k;, and ks vary with vehicles and vehicle manufacturer, Waukesha Engine Division, Dresser Industries, Inc., 1000 West St.

populat|0ns and are baseq on rogd-O..N. de'termmatlons- Paul Ave., Waukesha, WI 53188. Waukesha Engine Division also has CFR engine
5.2.2 Research O.N., in conjunction with Motor O.N., authorized sales and service organizations in selected geographical areas.



A—Air humidifier tube
B—Intake air heater
C—Coolant condenser
D—Four bowl carburetor
E—C.R. change motor
F—CFR-48 crankcase
G—oOil Filter

H—Ignition Detonation meter
J—Knockmeter

K—C.R. digital counter

FIG. 1 Research Method Test Engine Assembly

combustion knock as well as conventional thermometry, gage®atch quantity shall be collected in a glass, metal, or selected

and general purpose meters. plastic container and thoroughly mixed before being intro-
7.2.1 See Annex A3 for details and description of all critical,duced to the engine fuel system.
non-critical, and equivalent instrumentation. 7.3.1 Calibrated burets or volumetric apparatus having a

7.3 Reference and Standardization Fuel Dispensingcapacity of 200 to 500 mL and a maximum volumetric
Equipment-This test method requires repeated volumetrictolerance of+0.2 % shall be used for preparation of reference
blending of reference fuels and TSF materials. In additionand standardization fuel blends. Calibration shall be verified in
volumetric blending of dilute tetraethyllead isooctane may accordance with Practice E 542.
be performed on-site for making rating determinations above 7.3.1.1 Calibrated burets shall be outfitted with a dispensing
100 O.N. Blending shall be performed accurately becausgalve and delivery tip to accurately control dispensed volume.
rating error is proportional to blending error. A set of burets, orThe delivery tip shall be of such design that shut-off tip
accurate volumetric apparatus, shall be used and the desiréiischarge does not exceed 0.5 mL.



