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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

Any t
const

The procedures used ] ] led ) 3
descrfbed in the ISO/IEC Directives, Part 1. In particular the different approval criteriaing

rights. ISO shall not be held responsible for identifying any or all such patent rights. |
rights identified during the development of the document will be.in the Introducti
O list of patent declarations received. www.iso.org/patents

Fade name used in this document is information given for thie convenience of users
tute an endorsement.
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sment, as well as information about ISO’s adherence tosthe WTO principles in the Techr
de (TBT), see the following URL: Foreword - Supplementary information

bmmittee responsible for this document is ISO/TC 28, Petroleum products and lubrid

fourth edition cancels and replaces the-third edition (ISO 5163:2005). It also inco
ical Corrigendum ISO 5163:2005/Cor¢1:2008. Besides improving the understanding d
dures, the main revision lays in the’introduction of the so-called digital detonatio
on includes allowances both measurement systems:

e knock measurement systent based on analogue technology, and

e XCP digital technologyuised in the digital detonation meter.
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Introduction

The purpose of this International Standard is to accord ISO status to a test procedure thatis already used
in a standardized form all over the world. The procedure in question is published by ASTM International
as Standard Test Method D 2700-12. This International Standard is based on combining two former test
methods for motor spark-ignition[l] and aviation piston[2] engine concepts

By publishing this International Standard, ISO recognizes that this method is used in its original text in
many member countries and that the standard equipment and many of the accessories and materials
required for the method are obtainable only from spec1f1c manufacturers or suppliers. To carry out the
procedure requ ] letail the
specific equipment and 1nstrumentat10n requlred the critical component settings and ad]ustmen s, and
include the working tables of referenced settings. The appendices provide background and-addi 1onal
insight aboyt auxiliary equipment, operational techniques and the concepts relative| ,to proper
maintenance of the engine and instrumentation items.

The accumu
many countt
test method
aviation-typ
emphasizes {
to use a diffe
effort.

It is further
metric oper

to inch dimefisions and requires numerous settings and adjustments to inch dimensions. Applicat
metrication fo these dimensions and tolerances can onlyb& accomplished by strict numerical convg

which woul

instruments|for checking component dimensions tothe numerically converted metric values woul
introduce anladditional source of test variability

For these redsons, it has been considered desirable by ISO Technical Committee 28, Petroleum prt
and lubricants, to adopt the ASTM D 2700.standard rewritten to comply with the ISO Directives,
Rules for the dtructure and drafting of Intepnational Standards. However, this International Standard

to annexes
annexes and
the Annual B

Due to identi
by the manu

phased out i the futire. Research work was executed by ASTM Internationall8] to check whether

was statistid
system.

ated motor and aviation-type fuel data relating to knock characteristics determir
ies has, for many years, been based on the use of the CFR engine ‘and the ASTM o
5. Accepted worldwide, petroleum industry octane number reqiiréements for motg
 fuels are defined by the motor method and associated CFR F-2 ©¢tane Rating Unit),
he need for this method and test equipment to be standardized. The initiation of st
rent engine for ISO purposes has therefore been considered/an unnecessary duplicaf]

Fecognized that this method for rating motor and aviation-type fuels, which does ix
ing conditions, is nevertheless an exceptional case in that the CFR engine is manufad

not reflect proper metric engineering practice. Attempts to utilize metric measur¢

nd appendices of ASTM.D 2700 without change because of their extensive detail.

ook of ASTM Standards, Section 5.

ffied component.obsolescence issues, the original, analogue control panel has been rej
facturer by'the new digital panel. Service parts availability for the analogue system v

ally ebservable systemic bias between the 501C and the new digital knock measury

ed in
ctane
r and
Wwhich
udies
ion of

clude
tured
ion of
brsion
bment
1 only

ducts
art 2,
refers
Chese

appendices are not.included in this International Standard because they are published in

laced
vill be
there
bment

With respect to precision ISO and ASTM technical committees concluded that there was numerically
comparable precision for repeatability between the 501C and new panel knock measurement systems,
and no statistically observable difference for reproducibility between the 501C and new panel knock
measurement systems. For Motor octane number results, the evaluation detected neither a statistically
observable bias between the two systems nor sample-specific bias, so the results obtained by the two
knock measurement systems are practically equivalent (as obtained, no bias correction required). This
means that the new CFR octane panel could be included in the test method.

1) The sole manufacturer of the Model CFR F-2 Octane Rating Unit is Waukesha Engine, Dresser, Inc., 1000 West
St. Paul Avenue, Waukesha, WI 53188, USA.
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Petroleum products — Determination of knock
characteristics of motor and aviation fuels — Motor
method

WARNING — The use of this International Standard may involve hazardous materials, operations
and equipment. This International Standard does not purport to address of the safety problems
associated with its use. It is the responsibility of the user of this International Standard to

esta
limit

This

This |
0Xyg§

NOTE
this tdg

NOTE
ethan

NOTE
be spe
some

NOTE
fracti

icpl aviation fuel testing is in the range of 98. MON to 102 MON.

lish appropriate safety and health practices and determine the applicability.o
tions prior to use.

ope

nternational Standard establishes the rating of liquid spark-ignifion engine fuel

n fuels in aVIatlon piston engines, by using an equation.to correlate to aviation-m
er or performance number (lean-mixture aviation rating).

nternational Standard is applicable for the entire‘scale range from 0 MON to 120 I
ng range is 40 MON to 120 MON. Typical motor fuel testing is in the range of 80 MO

nternational Standard is applicable for @xygenate-containing fuels containing up to
n and for gasoline containing up to 25-% (V/V) ethanol.

1  Although 25 % (V/V) of ethanol corresponds to approximately 9 % (m/m) oxygen, full 3
st method for that oxygen range has only been checked for gasoline type of fuels.

f regulatory

in terms of
tle, variable-

inder severe
acteristics of
bthod octane

MON, but the
N to 90 MON.

4,0 % (m/m)

pplicability of

2 Workis under way to-check the possibility to use the method for gasoline containing up|to 85 % (V/V)
1.

3 This Internatienal Standard specifies operating conditions in SI units but engine measyirements may
cified in inch-poundunits because these were the units used in the manufacture of the equipment, and thus

eferences in thisInternational Standard include these units in parenthesis.

4 For the purposes of this standard, the terms “% (m/m)” and “% (V/V)” are used to repre
n, 4, and-the volume fraction, ¢, of a material respectively.

sent the mass

2 N

lormative reference

(N
=4

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 3170, Petroleum liquids — Manual sampling

ISO 3171, Petroleum liquids — Automatic pipeline sampling

[SO 3696, Water for analytical laboratory use — Specification and test methods

[SO 4787, Laboratory glassware — Volumetric instruments — Methods for testing of capacity and for use

ASTM D2700-12, Standard Test Method for Motor Octane Number of Spark-Ignition Engine Fuel

© IS0 2014 - All rights reserved
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3 Terms

014(E)

and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

accepted reference value

ARV

value that serves as an agreed-upon reference for comparison, and which is derived as: a theoretical or
established value, based on scientific principles, an assigned or certified value, based on experimental
work of some national or international organization, or a consensus or certified value, based on
collaborative experimental work under the auspices of a scientific or engineering group

3.2

check fuel
fuel of select
testing by m

3.3

cylinder height

relative vert
or the top m:

3.4

dial indicat¢r reading

numerical in
compression|

Note 1 to entr]

3.5

digital counter reading

numerical in
compression

3.6

detonation meter

knock signal
and produce

Note 1 to entr]

3.7

detonation |
magnetostri
pressure and

ed characteristics that has a MON assigned reference value determined by‘round:
hitiple engines in different locations

cal position of the CFR engine cylinder with respect to the piston‘attop dead centre
ichined surface of the crankcase

dication of cylinder height, indexed to a basic setting.when the engine is motored wi
ratio set to produce a specified compression pressure

y: The dial indicator reading is expressed in thousandths of an inch.

dication of cylinder height, indexed t¢-a basic setting when the engine is motored wi
ratio set to produce a specified compression pressure

conditioning instrumentation that accepts the electrical signal from the detonation p
5 an output signal forydisplay

y: The meter is eitheranalogue or digital.

pickup
‘tive-typetransducer that threads into the engine cylinder to sense combustion-cha
provide an electrical signal proportional to the rate-of-change of that cylinder pres{

3.8

robin

t.d.c.)

th the

th the

ickup

mber
ure

firing

engine operation with fuel and ignition

39

fuel-air ratio for maximum knock intensity

proportion o

3.10
guide table

f fuel to air that produces the highest knock intensity for each fuel

tabulation of the specific relationship between cylinder height and octane number for the CFR engine
operated at standard knock intensity and a specified barometric pressure

© ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=28f408b2b9476a5b8880dba495bdb8ee

ISO 5163:2014(E)

3.11
knock
abnormal combustion, often producing an audible sound, caused by auto-ignition of the air-fuel mixture

3.12
knock intensity
measure of engine knock

3.13
knockmeter
indicating meter with a division scale that displays the knock intensity signal from the detonation meter

Note 1 to entry: The meter is either analogue or digital.

3.14
lean mixture aviation rating
indicqtion of the knock resistance for a fuel operating in an aviation piston enginie under|lean fuel-air
ratio fonditions

3.15

motﬁEing

engine operation without fuel and with the ignition shut off
3.16

motof octane number

MON

numejrical rating of knock resistance for a fuel obtainéd by comparing its knock intensjty with that
of prEiInary reference fuels of known motor octane number when tested in a standardized CFR engine
operdting under conditions specified in this International Standard

3.17
oxygenate
oxyggn-containing organic compound, su¢h as variousalcohols or ethers, used as a fuel or fugl supplement

3.18
primary reference fuel
PRF
2,2, 44trimethylpentane (ise-0ctane), n-heptane, volumetrically proportioned mixtures ¢f iso-octane
with p-heptane, or blends.of'tetraethyl lead in iso-octane, which define the octane number|scale

3.19
spread
sensitivity of the\detonation meter expressed in knockmeter divisions per octane number

3.20
toluepe’standardization fuel blend
TSF hlend

volumetrically proportioned blend thathas MON accepted reference value and specified rating tolerances

4 Principle

A sample fuel, operating in a CFR engine at the fuel-air ratio that maximizes its knock, is compared to
primary reference fuel blends to determine that blend which, when operated at the fuel-air ratio that
maximizes its knock, would result in both fuels producing the same standard knock intensity when
tested at the same engine compression ratio. The volumetric composition of the primary reference fuel
blend defines both its octane number and that of the sample fuel.

© ISO 2014 - All rights reserved 3


https://standardsiso.com/api/?name=28f408b2b9476a5b8880dba495bdb8ee

ISO 5163:2

014(E)

5 Reagents and reference materials

5.1 Cylinder-jacket coolant, consisting of water conforming to grade 3 of ISO 3696. Water shall be used
in the cylinder jacket for laboratory locations where the resultant boiling temperature is 100 °C + 1,5 °C
(212 °F % 3 °F). Water with commercial glycol-based antifreeze added in sufficient quantity to meet the

boiling tempe

rature requirement shall be used when laboratory altitude dictates.

A commercial multi-functional water treatment material should be used in the coolant to minimize

corrosion an

5.2 Carbu
chilled suffic
warmer than|

5.3 Enging
classification

[t shall contal
(212 °F) and
used. Multi-g

5.4 2,2,4-trimethylpentane (iso-octane) primary reference fuel of minimum purity 99,75 %

containing n
designated a

WARNING —

5.5 n-Hep
0,10 % (V/V}

WARNING —

5.6 80-oct
and n-heptar

NOTE AS
primary refer

5.7 Tetrae
lead antikno

WARNING -
swallowed,

d mineral scale that can alter heat transfer and rating results.

rettor coolant, if required (see 8.30), consisting of water or a water-antifreeze mi

ture,

ently to prevent fuel bubbling and excessive vaporization, but neither colder than 0,6
10 °C.

crankcase-lubricating oil, comprising an SAE 30 viscosity grade oil (meeting s
SF/CE or better.

in a detergent additive and have a kinematic viscosity of 9,3 mm2/st0-12,5 mm2/s at ]

rade lubricating oils shall not be used.

b more than 0,10 % (V/V) heptane and no more than 0,5 mg/1 lead. This material sh
5 100 MOND,

fane primary reference fuel, of minimum purity 99,75 % (V/V), containing no morsg
isooctane and no more than 0,5 mg/1 lead. This material shall be designated as 0 MO]

- n-heptane is flammable and jts.vapours are harmful. Vapours may cause flash

ane primary reference fuelblend, prepared using reference fuel grade iso-octang
e (5.5); this blend shall contain 80 % (V/V) £ 0,1 % (V/V) iso-octane.

TM D 2700-12, Annex A3)(Reference Fuel Blending Tables), provides information for prepara
ence fuel blends to_specific MON values.

thyl lead, dilute; (TEL dilute volume basis), consisting of a solution of aviation mix tetr
'k compournid'in a hydrocarbon diluent of 70 % (V/V) xylene and 30 % (V/V) n-heptan

-Tetraethyl lead is poisonous and flammable. It may be harmful or fatal if ink
pr-absorbed through the skin. May cause flash fire.

Cnor

brvice

00°C

a viscosity index of not less than 85. Oils containing viscosity index improvers shall not be

[V/V),
all be

- iso-Octane is flammable and its vapours are‘harmful. Vapours may cause flash fire.

b than
N2).

fire.

(5.4)

tion of

hethyl

®

1aled,

The anti-knock compound shall contain 18,23 % (m/m) = 0,05 % (m/m) tetraethyl lead and have a relative
density at 15,6 °C/15,6 °C (60 °F/60 °F) of 0,957 to 0,967.

NOTE1 Th

e typical composition of the compound, excluding the tetraethyl lead, is as follows:

1)

PRFSs are commercially available, currently from Chevron Phillips Chemical Company LP, 1301 McKinney,

Suite 2130, Houston, TX 77010-3030, USA, or Haltermann Products—Werk Hamburg, Zweigniederlassung der

DOW Olefinve

4

rbund GmbH, Schlengendeich 17, 21107 Hamburg, Germany:.

© ISO 2014 - All rights reserved
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Ethylene dibromide (scavenger):

ISO 5163:2014(E)

10,6 % (m/m)

Diluent:
xylene 52,5 % (m/m)
heptane 17,8 % (m/m)

Dye, antioxidant and inerts

NOTE

0,87 % (m/m)

2

Developments within ISO are under way in order to make less use of lead-containing PRFs.

5.8
lead
scale

NOTE
for blg

5.9
deter
not e

Antio
empit

5.10
referd

5.7), in millilitre quantities, to a 400 ml volume of iso-octane (5.4). These blends de
hbove 100.

nds of tetraethyl lead in isooctane.

Methylbenzene (toluene), reference fuel grade, with a minimum purity of 99,5
mined by chromatographic analysis, a peroxide number not ex¢eeding 5 mg/kg and a v
ceeding 200 mg/kg.

ically determined with the assistance of the antioxidant supplier.

Check fuels, consisting of in-house typical-Spark-ignition engine fuels having M
nce values, low volatility and good long-term-stability.

6 Apparatus

6.1

Test engine assembly, a CFR.octane rating unit consisting of a single-cylinder engine

a stanldard crankcase, a cylindern/clamping sleeve assembly to provide continuously variable

ratio

fuel t4
an in
suital

The 4
moto
occun

NOTE

hdjustable with the engifieyoperating, thermal-siphon recirculating jacket cooling syste
ink system with selector-valving to deliver fuel through a single jet passage and carbur
ake air system with)controlled temperature and humidity equipment, electrical co
le exhaust pipe.

ngine shall.be connected by a belt to a special electric power-absorption motor t
" driver £o start the engine and as a means to absorb power at constant speed when ¢
ring (engine firing).

Test engine assembly is available from the single source manufacturer, GE Waukes}

A

Primary reference fuel blends for ratings over 100 MON, prepared by adding diliite tetraethyl

ine the MON

ASTM D 2700-12, Annex A3 (Reference Fuel Blending Tables), provides information on the MON values

% (V/V) as

vater content

kidant treatment should be added by the suppliercatya rate suitable for long tern stability as

ON accepted

consisting of
compression
m, a multiple
pttor venturi,
Introls, and a

hat acts as a
ombustion is

la gas engine,

Dress

e convenience

of users of this International Standard but does not constitute an endorsement by ISO of this product.

6.2

Instrumentation, consisting of electronic-detonation metering instrumentation,

including a

detonation pickup and knockmeter to measure and display the intensity of combustion knock, as well as
conventional thermometry, gauges and general-purpose meters.

NOTE

Instrumentation is available from multiple sources. In some cases, selection of specific

dimensions or

specification criteria are important to achieve proper conditions for the knock testing unit, and these are included
in ASTM D2700-12, Appendix X1 when applicable.

© IS0 2014 - All rights reserved
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6.3 Reference and standardization fuel dispensing equipment, consisting of calibrated burettes or
volumetric ware having a capacity of 200 ml to 500 ml and a maximum volumetric tolerance of +0,2 %.

Calibration shall be verified in accordance with ISO 4787. Burettes shall be outfitted with a delivery
valve and delivery tip to accurately control dispensed volumes. The delivery tip shall be of such size
and design that shut-off tip discharge does not exceed 0,5 ml. The rate of delivery from the dispensing
system shall not exceed 400 ml/min. The installation shall be in such a manner and be supplied with
fluids such that all components of each batch or blend are dispensed at the same temperature.

6.4 Gravimetric blending of reference fuels, use of blending systems that allow preparation of the
volumetrically-defined blends by gravimetric (mass) measurements based on the density of the individual

components
tolerance lim

Calculate the
individual ca

6.5 Tetrae
or other liqu|
tolerance for

Calibration s

NOTE AS
provides addi

6.6 Special maintenance tools, consisting of a number of speciality tools and measuring instru

available for

NOTE Lis

engine equipment and those organizations offeringlengineering and service support for this Internd

Standard.

7 Sampling and sample preparation

7.1 Unless
in ISO 3170
sampling of t

[S also permitted, provided the System meets the requirement for maximum U,2 % blg
its.

mass equivalents of the volumetrically-defined blend components from the densities
mponents at 15,56°C (60°F).

thyl lead (TEL) dispensing equipment, consisting of a calibrated buftette, pipette ass¢
d-dispensing apparatus, having a capacity not exceeding 4,0 ml, and’ a critically cont
dispensing dilute TEL into 400 ml batches of isooctane.

hall be verified in accordance with ISO 4787.

M D 2700-12, Appendix X2 (Volumetric Reference Fuel'Blending Apparatus and Proceq
ional information for application.

pasy, convenient and effective maintenance.gf the engine and testing equipment.

ts and descriptions of these tools and instruments are available from the manufacturers

otherwise specified (in the commodity specification, samples shall be taken as desq
or ISO 3171 and/6rin accordance with the requirements of national regulations f
he product undertest, or an equivalent national standard.

nding

of the

mbly,
rolled

lures),

nents

of the
tional

ribed
b1 the

7.2  Cool sgmples to,2 %Cto 10 °C (35 °F to 50 °F) in the container in which they are received and lpefore
the container is opened.
7.3 Minimjzé-the sample’s exposure to light before pouring it into the engine carburettor fuel|bowl,

because of p

SSibte Sensttivity to Hght that cam affect fuel characteristics. Collect and Store sampie

opaque container.

8 Basic engine and instrument settings and standard operating conditions

8.1

Installation of engine equipment and instrumentation

in an

Locate the octane test engine in an area where it will not be affected by certain gases and fumes that
may have a measurable effect on the MON test result (see Clause 1).

Installation of the engine and instrumentation requires placement of the engine on a suitable foundation
and hook-up of all utilities. Engineering and technical support for this function is required, and the
user shall be responsible for complying with all local and national codes and installation requirements.

© ISO 2014 - All rights reserved
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Proper operation of the test engine requires assembly of a number of engine components and adjustment
of a series of engine variables to prescribed specifications. Some of these settings are established by
component specifications, others are established at the time of engine assembly or after overhaul and still
others are engine-running conditions that shall be observed and/or determined by operator adjustment
during the testing process. Annex A gives further information on the test variable characteristics.

8.2

Engine speed

The engine speed shall be 900 r/min # 9 r/min when the engine is operating with combustion with a
maximum variation of 9 r/min occurring during a rating.

Engir
withd

8.3

With
with 1

1 1l 1 - Ll : 1l 1l 1l 1 ~ L Ll 1l
[S4 prUu WIICII COINIDUSLIOIN IS Ocurl lllg SIidIl 110U D II10IC LIIdIl O l/llllll gl cdilcCl LlldIl
ut combustion.

Valve timing

Lhe piston at the highest point of travel in the cylinder, set the flywheelpointer mark
he 0° mark on the flywheel in accordance with the instructions of the ) manufacturer

The four-stroke cycle engine uses two crankshaft revolutions for each eombustion cycle. Th

event
closin
centr
40°b
closin

8.4

Intak

5 are those that occur near top-dead-centre (t.d.c.), i.e. intake-valve opening and €
g. Intake valve opening shall occur 10,0° + 2,5° after t.d.c4{With closing at 34° after-}i
b (a.b.d.c.) on one revolution of the crankshaft and flywheel. Exhaust valve openin
bfore-bottom-dead-centre (b.b.d.c.) on the second revelution of the crankshaft and f
gat 15,0° + 2,5° a.t.d.c. on the next revolution of the crankshaft and flywheel.

Valve lift

b and exhaust cam lobe contours, while different in shape, shall have a contour rise

to 6,350 mm (0,246 in to 0,250 in) from the base circle to the top of the lobe so that the re

lift sh
Asser

all be 6,045 mm * 0,050 mm (0,238%n + 0,002 in). See ASTM D 2700-12, Annex A/
nbly and Setting Instructions), for the procedures for measuring valve lift which shall

Interpational Standard.

8.5

The 1
the cq
preve
in the
side d
obser

Intake valve shroud

80° shroud or protrusion directs the incoming fuel-air mixture and increases its f]
mbustion chamben This valve stem is drilled for a pin, which is restrained in a valve

cylinder, with the pin aligned in the valve guide, so that the shroud is toward th
f the comibuistion chamber and the swirl is directed in a counter-clockwise direction|
ved frem-the top of the cylinder.

8.6

Carburettor venturi

for motoring

in alignment

e two critical
xhaust valve
ottom-dead-
b shall occur
ywheel with

of 6,248 mm
sulting valve
I (Apparatus
hpply for this

urbulence in
guide slot, to

nt the valve from rotating and thus maintain the direction of swirl. The valve shall be assembled

e spark plug
if it could be

Selectthe carburettor venturiin accordance with Table 1 appropriate for the typical barometric pressure
that prevails at the location where the engine is installed and operated.

Table 1 — Carburettor venturi size for laboratory elevation and barometric pr

essure

Altitude at engine location | Venturi throat size Barometric pressure
. range
m cm (in)
kPa (in Hg)
Sealevel to 500 1,43 (9/16) 105,0 to 94,8 (31,0 to 28,0)
500 to 1 000 1,51 (19/32) 98,2 to 88,0 (29,0 to 26,0)
Higher than 1 000 1,90 (3/4) 91,4 (27,0) and less
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When the altitude is close to that where venturi size changes, select whichever venturi size produces a
minimum bias for the toluene standardization fuel (TSF) blend MON ratings.

8.7 Direction of engine rotation

The crankshaft, when observed from the front of the engine, rotates in a clockwise direction.

8.8 Valve clearances

With the engine cold prior to being operated, set the clearance between each valve stem and valve rocker
half-ball to the following approximate measurements upon assembly, which will typically provide the
controlling epngine running and hot clearance:

intake valve:

0,10 mm (0,004 in);

exhaust falve: 0,36 mm (0,014 in).

These clearapces should ensure that both valves have sufficient clearance to causewalve seating during

engine warn
screws have
for both inta

-up. The adjustable-length valve push rods shall be set so that thevalve rocker adj
adequate travel to permit the final clearance setting. Engine running and hot cle
ke and exhaust valves shall be set to 0,200 mm * 0,025 mm (0,008 in + 0,001 in) mea

sting
rance
sured

under stand{ MON

primary refe

ird operating conditions with the engine running at equilibfium conditions on a 90
rence fuel.

8.9 Oil pressure

Oil pressure ghall be 172 kPa to 207 kPa (25 psi to 30 psi).

8.10 Oil temperature

Oil temperatpre shall be 57 °C + 8 °C (135 °F *+ 15-%F).

8.11 Cylinder jacket coolant temperature

et coolant temperature,shall be 100 °C £ 1,5 °C (212 °F £ 3 °F), but shall not vary by
(1 °F) during a rating.-of‘either certified reference material or knock intensity.

Cylinder jacK
than +0,5 °C

more

8.12 Intake air temperatare

8.12.1 Intak
ASTM 83 °C

e air tempetature shall be 38,0 °C + 2,8 °C (100 °F + 5 °F), accuracy recommended as wilth the
83 °F) thermometer.

S test
83 °C

8.12.2 Temperature measurement systems used to establish the intake air temperature in thi
ACTNA

th d h 1 Lalass o 4 % A 43 la. & et A | +la
me (0] Sha CAITUTU UIC SATITICT TP TT ATUT T TITUTIC ATITE TITAT ALTCT ISTIL S dITu attul at y a5 tICT Ao TV

(83 °F) thermometer installed at the orifice provided using the manufacturers prescribed fitting.

8.12.3 To ensure the correct temperature is indicated the temperature measurement system shall be
installed in accordance with the instructions provided for this specific application

8.13 Intake mixture temperature

8.13.1 Setthe temperature to 149 °C + 1 °C (300 °F * 2 °F) unless mixture-temperature tuning is utilized
to qualify the engine as fit-for-use based on the MON value of the appropriate toluene standardization
fuel (TSF) blend. When the mixture temperature is tuned, the selected temperature shall be between
141 °C (285 °F) and 163 °C (325 °F). Furthermore, the temperature selected to provide the MON of the
appropriate TSF blend shall be used during that operating period for all ratings in the applicable MON
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range for that TSF blend. The intake mixture temperature variation during the test measurement phase
shall not exceed 1 °C (2 °F).

8.13.2 Temperature measurement systems used to establish the intake air temperature in this test
method shall exhibit the same temperature indicating characteristics and accuracy as the ASTM 86 °C
(86 °F) thermometer installed at the orifice provided using the manufacturers prescribed fitting.

8.13.3 To ensure the correct temperature is indicated the temperature measurement system shall be

instal

8.14

led in accordance with the instructions provided for this specific application.

Ttakeair trammidity

The water content of the air shall be between 0,003 56 kg per kilogram of dry air and 0,007 12 kg per
kilogtam of dry air.

8.15(Cylinder jacket coolant level

The cpolant level when the engine is running and hot shall be within +10-mm of the “LEVEL HOT” mark
on the¢ coolant condenser.

NOTE With the engine cold prior to being operated, treated coolantadded to the cooling cond¢nser/cylinder
jacket|to a level just observable in the bottom of the condenser sighi glass will typically provide the controlling
enging¢ running and hot operating level.

8.16 |[Engine crankcase lubricating oil level

The cpntrolling engine running and hot operatingdevel of the oil in the crankcase shall be approximately
mid-gosition in the crankcase sight glass.

NOTE With the engine cold prior to being.operated, oil added to the crankcase so that the level is near the top
of the[sight glass will typically provide this;cendition.

8.17

The ¢
than

Crankcase internal pressure

ressure shall be less tHanzero (a vacuum) and typically from 25 mm to 150 mm
htmospheric pressurg,as measured by a gauge, a pressure sensor or manometer corn

opening to the inside of the crankcase through a snubber orifice to minimize pulsations. \

not ey

8.18

The s
water

fceed 255 mm of-water.

Exhaust back-pressure

tatic pressure shall be as low as possible, but shall not create a vacuum nor excee
differential in excess of atmospheric pressure, as measured by a gauge or manomet

to an

bf water less
nected to an
Vacuum shall

1 255 mm of
er connected

opening in the exhaust surge tank or main exhaust stack through a snubber orificel

to minimize

pulsations.

8.19

Exhaust and crankcase breather system resonance

The exhaust and crankcase breather piping systems shall have internal volumes and be of such length
that gas resonance does not occur.

NOTE

ASTM D 2700-12, Appendix X3 (Operating Techniques — Adjustment of Variables), prov

procedure to determine if resonance exists in the application of this International Standard.
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8.20 Belt tension

The belts connecting the flywheel to the absorption motor shall be tightened, after initial break-in, so
that with the engine stopped, a 2,25 kg mass suspended from one belt halfway between the flywheel
and the motor pulley depresses the belt approximately 12,5 mm.

8.21 Rocker arm carrier support basic setting

For exposed valve train applications, each rocker arm carrier support shall be threaded into the cylinder
so that the distance between the underside of its fork and the machined top surface of the cylinder
is 31 mm (17/32 in). For enclosed valve train applications, each rocker arm carrier support shall be

threaded int
the undersid

8.22 Rocke

With the sp4g
rocker arm g
to the clamp

8.23 Rocke

With the eng
properly leve
rods so the r

8.24 Basic

With the eng
calibrated ar
counter read
0,825 in, and
NOTE 1 Iti

NOTE2 Th
formerly supy
displayed wit

8.25 Basic

The cylinder 5o that the distance between the top machined Surtace of the vaive i
e of the fork is 19 mm (3/4 in).

r arm carrier basic setting

ce between the cylinder and the clamping sleeve at approximately 16)mm (5/8 ix

ng sleeve.

r arm and push rod length basic settings

ne crankshaft and flywheel on t.d.c. on the compressionstroke, and the rocker arm ca
lled, set the rocker arm adjusting screws at mid-travel and adjust the length of the
bcker arms are horizontal.

spark setting

ine running and firing, the digital timing indicator or graduated spark quadrant prq
d the ignition timer control mechanism properly set, adjust the cylinder height to a
ing of 264 (uncompensated for barémetric pressure) and/or a dial indicator read
then adjust the ignition timer so.that the spark timing is 26°b.t.d.c.

5 inappropriate to convert the dial indicator reading into SI units; see Introduction, paragrap
e digital timing indicator currently supplied with CFR engine units, or the graduated spark qu

lied, should be in proper working order and calibrated so that the time of ignition is co
h reference to the engine crankshaft.

ignition timer transducer to rotor vane gap setting

The basic ighition tilner transducer to rotor vane gap setting shall be 0,08 mm to 0,13 mm (0,(

to 0,005 in).

y and

), the

arriers shall be horizontal before tightening the bolts that fasten thie Jong carrier support

rriers
push

perly
igital
ng of
h 4.

hdrant
rectly

03 in

8.26 Basic ignition timer control arm setting

Adjust the length of the ignition control rod so that at the specified cylinder height for the basic spark
setting, the centreline of the ignition control arm is horizontal. Tighten the knurled screw that clamps
the ignition control arm to the ignition timer and loosen the knurled screw that clamps the ignition
timer to the ignition timer bracket. These settings cause spark timing to automatically change as engine
cylinder height changes in accordance with either Formula (1) or (2):

S=29,582 - (0,013 6 x C)
(1)
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$=10,163 + (19,19 x I)

where

S
C
I

is the spark timing, expressed in degrees;
is the digital counter reading;

is the dial indicator reading.

(2)

8.27
The s

8.28

Operz

the epgine. Check that the ignition is off and that fuel cannot enter the combustion cham

caliby
the e
press
show

Set th

Spark-plug gap
park-plug (Champion D16, or equivalent) gap shall be 0,51 mm * 0,13 mm (0;020 in *

Basic cylinder height setting

te the engine at typical knocking conditions to ensure it is thoroughly warmed uj

ated compression-pressure gauge in the detonation pickup.hole of the cylinder. Starf{
ngine under motoring conditions. Adjust the cylinder height to produce the basic
ure for the prevailing barometric pressure and selectedwenturi, in accordance with thg

h in Figure 1.

e cylinder height indicating devices as follows:

— d
— d
NOTE

See A
proce

igital counter reading (uncompensated for-barometric pressure) to 930;
ial indicator reading to 0,352 in.
It is inappropriate to convert the.dial indicator reading into SI units; see Introduction, p

STM D 2700-12, Annex A2 (Apparatus Assembly and Setting Instructions), for
dure for indexing the cylinder‘height that shall apply for this International Standard.,

0,005 in).

b. Shut down
ber. Install a
and operate
compression
information

aragraph 4.

the detailed
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Y24 Y14
1300 [ 190
180 '
1200 |- » o
d _ _
170 P A
Wi
5 y
v 7 3
1100 |- 160 1 7 p
g 2
150 LA
1000 7
140
,/
900 [ |130
120

21 22 23 24 25 26 27 28 29 30 31 X1

| | | | | | | | | | | | |
540 560 580 600 620 640660 680 700 720 740 760 780 X_2

Key

X1 baromdtric pressure, in Hg

X2 baromdtric pressure, mm Hg

Y1 comprgssion pressure, psig

Y2 compression pressure, kPa
1,90 cn] (3/4 in) venturi; 66,04.cm (26,00 in) Hg base
1,51 cng (19/32 in) venturi; 71,12 cm (28,00 in) Hg base
1,43 cn} (9/16 in) venturi; 76,00 cm (29,92 in) Hg base

NOTE Bapic cylindérheight setting:

— digital counter'veading: 930;

— dial indichtar: 0,352

Figure 1 — Actual compression pressure for setting cylinder height?2)

8.29 Fuel-air ratio

For all sample fuels and primary reference fuels, the fuel-air ratio (a function of the effective fuel level
in the vertical jet of the standard carburettor assembly) shall be adjusted to maximize knock intensity.
When the carburettor sight glasses are used as the indication of mixture strength, the maximum knock
condition shall occur when the fuel level in the sight glass is between 17,8 mm (0,7 in) and 45,2 mm
(1,7 in), a condition that is dependent on selecting the proper carburettor horizontal jet.

2) Extracted, with permission, from ASTM D 2700-12.
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The bracketing-dynamic equilibrium procedure requires a falling level reservoir assembly to vary fuel-
airratioataconstantrate fromarich tolean mixture. The cross sectional area of the reservoir determines
the rate at which the fuel level falls. Within the range that establishes a fuel level for maximum knock
intensity in the carburettor vertical jet between 17,8 mm (0,7 in) and 45,2 mm (1,7 in) referenced to the
centreline of the carburettor venturi, the cross sectional area of the reservoir shall be constant and not
less than 3 830 mm?2 (5,9 in2).

8.30 Carburettor cooling

Circulate carburettor coolant (5.2) through the coolant exchangers of the carburettor assembly if there
is premature vaporization or bubbling in the sight glasses or transparent fuel lines.

NOTE Release of hydrocarbon vapours from the sample fuel can result in uneven engine opera]tion or erratic
knockjintensity reading and is usually indicated by bubble formation or abnormal fluctuatidnyof the fuel level in
the sight glass.

8.31|Knockmeter reading limits

The permissible analogue knockmeter range shall be 20 divisions to 80-divisions to prevent potential
nonlinear characteristics that may affect octane ratings.

NOTE Knock intensity is a nonlinear characteristic below 20 and thé.analogue knockmeter hap the potential
to be ponlinear above 80.

The operational range on the digital knockmeter shall be from 0 knock to 999 knock intenpity readings
and ig linear throughout this range.

8.32|Detonation meter spread and time copstant settings

Optimize spread and time constant settings(of the detonation meter commensurate with reasonable
knockmeter reading stability.

Expefience has shown that for digital detonation meters these variables may be left constanft, and default
valuep may be used. The default value.for spread on the digital detonation meter may be left at 0, and the
defauft value for time constant oixthe digital detonation meter may be left at 35.

In cage of using an analogue detonation meter, use the procedure given in ASTM D 2700-12, Annex A2
(Appdratus Assembly and Setting Instructions), to set the analogue detonation meter.

9 HEngine calibration and qualification

9.1 |General

The engine shall be commissioned in a manner such that all settings and operating conditions are at

ilib¥s A L el Lo o ; A it + E: oo
equl Ul iUl aiiu 111 LUllllJllCllll,C VVILIT UasSIC Cllslllc dllu ITISTI UIlItclit DlJCl,lllLaLlUllD.

CAUTION — Certain gases and fumes, such as halogenated refrigerants used in air-conditioning
equipment that can be presentin the area where the CFR engine islocated, may have a measurable
effect on the MON rating. Electrical power transient voltage or frequency surges or distortion
cause interference with the analogue knock meter and thus affect the Motor O.N. obtained for
sample fuels.

Engine warm-up typically requires 1 h to ensure all critical variables are stable. During the final 10 min
of this warm-up period the engine should operate at a typical knock intensity level.
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9.2 Engine fit-for-use qualification

9.2.1 The engine shall be qualified as fit-for-use by rating a toluene standardization fuel (TSF) blend for
every MON range in which sample fuels are to be rated in accordance with the following:

a) atleastonce during a 12 h operating period;

b) after an engine has been shut down for more than 2 h;

c) after an engine has been allowed to operate at non-knocking conditions for more than 2 h;

Pnsity
for the MON hccepted reference value of the TSF blend.

9.2.3 Standard knock intensity shall be determined using the PRF blend whosé-whole MON is clogest to
the MON accepted reference value of the TSF blend.

9.2.4 Carbprettor cooling shall not be used.
9.3 Fit-for-use procedure in the 79,6 MON to 94,7 MON'tange

9.3.1 Seleqt the TSF blend(s) listed in Table 2 for the MON\range(s) in which sample fuel ratings jpre to
be made dur]ng the operating period.

Table 2|— TSF blend MON, untuned rating tolerances and sample fuel MON range of use

MON of Untuned rating TSF blend composition Use for sample fuel
calibrated TSF tolerance % (VW/V) MON range
blend Teluene Isooctane Heptane
81,52 +0,3 74 0 26 79,6 to 83,1
85,22 +0,3 74 5 21 83,2 to 87,1
88,74 +0,3 74 10 16 86,8 t0 90,4
92,6b + 04 74 15 11 90,5 to 94,7

a  Blend caliljrated by the\TCD93 worldwide programme, see Reference.[3]

b Blend calilprated byithe ASTM National Exchange Group in 1986, see Reference.[4]

9.3.2 Using the standard intake mixture temperature of 149 °C (300 °F), determine the MONIof an
untuned TSF blend. The engine shall be qualified as fit-for-use if this TSF blend rating is within the untuned
rating tolerance specified in Table 2 and intake mixture temperature tuning is not required, although it is
permissible if the rating is more than 0,1 MON from the MON accepted reference value of the TSF blend.

It is permissible to start fit-for-use testing for a new operating period using approximately the same
intake mixture temperature tuning adjustment applied for the previous operating period, if both the
following conditions are met.

a) The engine standardization during the last operating period required intake mixture temperature
tuning for the last fit-for-use test.

b) Maintenance has not taken place in the period between fit-for-use tests.
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9.3.3 An untuned engine that rates a TSF blend outside the untuned MON rating tolerance specified
in Table 2 may be temperature-tuned using an intake mixture temperature neither lower than 141 °C
(285 °F), nor higher than 163 °C (325 °F). The engine shall be qualified as fit-for-use if the TSF blend
rating is within #0,1 MON of the MON accepted reference value of the TSF blend. It shall not be used to
rate sample fuels, in the applicable MON range for that TSF blend, if it cannot be so qualified. The cause of
the inability to rate the TSF blend shall be determined and corrected.

NOTE1 Increasing the temperature decreases the MON.

NOTE 2  When using an analogue detonation meter, a TSF blend rating change from 0,1 MON requires an intake
air temperature adjustment of approximately 1°C (2°F).

NOTE|3  When using a digital detonation meter, a TSF blend rating change from 0,1 MON requiref an intake air
tempdrature adjustment of approximately 0,5°C (1°F).

9.4 |Fit-for-use procedure below 79,6 MON and above 94,7 MON

9.4.1| Select the TSF blend(s) listed in Table 3 for the MON range(s) in whichsample fuel ratings are to
be mdde during the operating period.

NOTE The rating tolerances of Table 3 are determined by multiplying the standard deviation df the data that
establiished the MON ARV of the TSF blend and a statistical tolerance limit factor K for normal distriputions. Using
the standard deviation values for the TSF blend data sets of 100 orymere values and K = 1,5, it is ¢stimated that
in thellong run, in 19 cases out of 20, at least 87 % of the test engines would rate the TSF blend within the rating
tolerapces listed in Table 3.

Table 3 — TSF blend MON, rating tolerarnice and sample fuel MON range of yse

MAN of cali- Rating toler- TSF blend composition Us £ 1
brated TSF ating toler % (V/V) ; s1i or sample
blend ance ue] MON range
Toluene Isooctane Heptane
58,0 +11 50 0 50 Below 62,3
66,9 +1,1 58 0 42 62,2to 71,0
74,8 +1,0 66 0 34 70,7 to 76,7
78,2 1,0 70 0 30 76,4 to 79,9
96,6 +1,2 74 20 6 94,4 to 98,4
99,82 +09 74 24 2 98,1 to 100,0
100,8 +1,3 74 26 0 apove 100,0

a  Blend calibrated by the ASTM National Exchange Group in 1986. All other calibrated blends by the Nat{onal Exchange
Group|and‘Institute of Petroleum in 1988/89. For further information see Reference.[4]

9.4.2 Using the standard intake mixture temperature of 149 °C (300 °F), determine the MON of the
TSF blend. The engine shall only be qualified as fit-for-use if the TSF blend rating is within the rating
tolerance specified in Table 3 for that TSF blend. Intake mixture temperature tuning is not permitted for
these MON rating ranges. If the TSF blend MON rating is outside the rating tolerance specified in Table 3,
conduct a thorough investigation to determine and correct the cause. Some engines can be expected to
rate outside the rating tolerance for some TSF blend MON levels, and the maintenance of control records
can be helpful to demonstrate the typical performance characteristic of that engine.

9.5 Checking performance on check fuels

Although engine qualification is dependent solely on the MON ratings of the TSF blend, the use of typical
fuels, collected and calibrated as check fuels (5.10), regularly rated and documented using control
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records and charts, can be useful to demonstrate the on-going performance and credibility of the engine

and operatin

g personnel.

10 Procedure

10.1 General

Four specific procedural variations can be used for the determination of MON:

a) Bracketi
b)
c)

d)

Bracketi
Compred
Bracketi

Only the orig
have equival
in specific M

Check thata

on a typical fluel.

10.2 Start-

Determine th
the engine, t
used, during
TSF blend.

10.3 Caliby

10.3.1 Calib|
whose MON

10.3.2 Setthe cylinder height (compensated for barometric pressure) in accordance with the MON

for the PRF s

10.3.3 Oper
maximizes th

10.3.4 Adju

ng-equilibrium fuel level;

|ng-dynamic fuel level;
sion ratio;
ng OA.

inal procedure A is described in this International Standard. However, all four proce
ent precision in the MON range of typical commercial motor fuel and-¢an be used for r
DN ranges.

| engine operating conditions are in compliance and equilibrated with the engine ru

ip

at the engine is fit-for-use. If tuning of the intake mixture temperature is utilized to q
he selected intake mixture temperature for the MON of the appropriate TSF blend sh
the operating period, to rate every sample‘fuel in the applicable MON range of use fo

ation

frate the engine and instrumentation to establish standard knock intensity using a PRF
s close to that of the sample fuels to be tested.

blected (given inAnnex A4 of ASTM D 2700-12).

hte the engine utilizing the PRF and vary the fuel-air ratio to establish the settin
e knockmeéter reading.

bt'the detonation meter controls to produce a knockmeter reading of 50 divisions * 2 div

dures
htings

nning

ualify

all be

r that

blend

value

b that

isions

with an OptileEd spread commensurate with knockmeter stability.

When using the analogue knockmeter, check that detonation meter SPREAD is maximized commensurate
with satisfactory knockmeter stability.

NOTE Adjustment of the digital detonation meter is not necessary. Guide tables for standard knock intensity
at standard barometric pressure listing the cylinder heights for each MON (in tenths) over the range from
40 MON to 120 MON are given in ASTM D 2700-12, Annex A4 (Guide Tables of Constant Knock Intensity), for each
carburettor venturi size. To complement these tables, Annex A4 also includes a table for compensation of guide
table cylinder heights when the barometric pressure is either below or above standard barometric pressure.

10.3.5 If the sample fuel MON is indicated to be higher than 100, the standard knock intensity shall be
established using one of the isooctane and TEL PRF blends that will bracket the sample fuel. Several trials
may be required in order to select the appropriate PRF. In addition, use the PRF blends specific to the
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MON rating range as specified in Table 4. Adjust the detonation meter settings such that the detonation
meter spread is maintained as large as possible, despite knockmeter reading instability.

10.4 Sample fuel

10.4.1 Introduce the sample fuel to the carburettor, purge the fuel system and, if applicable, the sight
glass and float reservoir by opening then closing the sight glass drain valve several times and observe that
there are no bubbles in the clear plastic tubing between the float reservoir and the sight glass.

10.4.2 Operate the engine on the sample fuel and check that the fuel system is free of vapour bubbles.

10.4.83 Adjust the cylinder height to result in a mid-scale knockmeter reading.

NOTE For the digital detonation meter, it is not necessary to establish a mid-scale knockKmeteif reading.

10.4.4 Determine the fuel level for maximum knock intensity. One approachis to first lower the fuel
level (float reservoir assembly) and then to raise it in small increments (0,1 sight glass divifions or less)
until the knockmeter reading peaks and begins to fall off. Reset the flpat-reservoir to the fuel level that
prodyces the maximum knockmeter reading.

10.4.5 Adjustthe fuel-air ratio and determine the maximum knocKmeter reading attainable| If necessary,
readjyistthe cylinder heightsuch thatthe maximum knockmeterreading occursat50 divisiong+ 2 divisions.

10.4.6 Record the sample fuel knockmeter reading.

Table 4 — Permissible bracketing PRF blends

MON range of sample fuel Permissible PRF blends
40to 72 Maximum permissible MON difference of 4,0
72 to 80 Maximum permissible MON difference of 2,4
80 to 100 Maximum permissible MON difference of 2,0
100,0 to 100,7 Use only 100,0 and 100,7 MON PRF blends
100,7 to 101,3 Use only 100,7 and 101,3 MON PRF blends
101,3to 102,5 Use only 101,3 and 102,5 MON PRF blends
102,5 to 103,5 Use only 102,5 and 103,5 MON PRF blends
103,5 to0.108,6 Use only PRF blends with TEL contents 0,053 ml/1 (0,2 ml/U.S{gal) apart
108;6t0 115,5 Use only PRF blends with TEL contents 0,132 ml/1 (0,5 ml/U.S)gal) apart
115,5 to 120,3 Use only PRF blends with TEL contents 0,264 ml/1 (1,0 ml/U.S{gal) apart

10.5 Primary reference fuel No. 1

10.5.1 Based on the cylinder height used for the sample fuel, refer to the appropriate guide table (see
10.3.2) and select a PRF that can be expected to have a MON close to that of the sample fuel.

10.5.2 Prepare a fresh batch of the PRF. Operate the engine using this PRF and check that the fuel system
is free of vapour bubbles, if applicable, purge the fuel lines in the same manner as noted for the sample
fuel.

10.5.3 Without changing the cylinder height from that used for the sample fuel, adjust the fuel-air ratio
and determine the maximum knockmeter reading for the PRE.
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10.5.4 Record the PRF knockmeter reading.
10.6 Primary reference fuel No. 2

10.6.1 Select a second PRF that will meet the maximum permissible bracketing difference requirements
specified in Table 4, and that can be expected to cause the knockmeter readings for the two PRF blends to
bracket that of the sample fuel.

10.6.2 Prepare a fresh batch of the second PRF. Operate the engine using this PRF and check that the fuel
system is free of vapour bubbles, if applicable, purge the fuel lines in the same manner as noted for the
sample fuel.

10.6.3 Withput changing the cylinder height from that used for the sample fuel, adjust thedyel-airf ratio
and determine the maximum knockmeter reading for the PRE.

10.6.4 Record the equilibrium knockmeter reading.

10.6.5 If thd knockmeter reading for the sample fuel is bracketed by those of the PRF blends, copptinue
the test. Othdrwise, try additional PRF blends until this requirement is satisfied.

10.7 Additional measurement readings

10.7.1 Withput changing the cylinder height, operate the engifie on the sample fuel followed by PRF
No. 2 (see 10]6), and then PRF No. 1 (see 10.5), to obtain a second series of knockmeter readings. Fof each
fuel, ensure that the fuel-air ratio for maximum knockmeterreading is used and allow operation to[reach
equilibrium before recording the knockmeter readings.

10.7.2 If in fthe process of calculating the MON-of the sample fuel the first two series of knockmeter
readings do mot meet the criteria specified in 1.3, obtain a third series of readings on the three fuals.

i3l instructions for ratings‘above 100,0 MON

characteristics become more erratic and unstable at octane levels above 100 for s¢veral
reasons. Care¢ful attention to the“setting and adjustment of all variables is required to ensure that the
rating is representative of theé-sample fuel quality.

Refer to Table 4 when selécting the PRF blends for sample fuels that rate above 100 MON. Use onlly the
specified PRF pairs forisample fuels that rate in the ranges (100,0 to 100,7), (100,7 to 101,3), (10,3 to
102,5) and (102,5 £6:103,5).

10.8.2 If th¢ Sample fuel rating will be above 100 MON, it is necessary to establish standard knock
intensity using an iso-octane plus TEL PRF blend before sample fuel testing continues. This may require
more than one trial to select the appropriate leaded PRF (one of the two that bracket the sample fuel) and
proper cylinder height. If the rating is between (100,0 and 100,7) MON, use the iso-octane plus 0,05 ml
TEL PRF to establish standard knock intensity. At the higher MON levels, either of the specified leaded
PRF blends for the particular MON range may be used for this purpose.

When using the analogue knockmeter, adjust the detonation meter METER READING dial to obtain a
knockmeter reading of approximately 50 divisions.

When using the analogue detonation meter, check that detonation meter spread is maintained as large
as possible despite the fact that knockmeter readings will vary considerably and make selection of an
average reading tedious. No adjustment of the digital detonation meter is necessary.
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11 Calculation

11.1 Calculate the MON of the first series of knockmeter readings by interpolation of their values
proportioned to the octane numbers of the bracketing reference fuels in accordance with Formula (3)

YMon,s = YMoN,LRF "‘[ XXKI'LRF ;(XKI'S J(YMON,HRF —YMON.LRF ) (3)
KILRF ~ 4 KIHRF
where
Ymon g is the MON of the sample;
YMON,LRF is the MON of the low reference fuel;
YMON,HRF is the MON of the high reference fuel;
Xki,s is the knockmeter reading of the sample fuel;
XK1,LRF is the knockmeter reading of the low reference fuel;
XK1, HRF is the knockmeter reading of the high reference fuel

11.2 |Calculate the MON of the second series of knockmeterteadings.

11.3 |The average MON based on two series of knockmeter readings constitutes a rating if

a) the difference in the calculated MON values forieach of the individual series of knockmeter readings
4 no greater than 0,3 MON,

—

b) t]:e average of the first and the second'sample fuel knockmeter reading is between 45 fand 55, and

c) thecylinder height (compensated for barometric pressure) used for the rating is withinjthe specified
ghide table limits (digital counter reading = +20, or dial indicator reading = +0,014 in)

Condition b) is not applicable/forthe digital knockmeter.

NOTE It is inappropriate-to convert the dial indicator reading into SI units; see Introduction, paragraph 4.

11.4 |If either the cdlculated MON difference or the average knockmeter reading criteria is ngt met, a third
serieq of knockmeter readings on the sample fuel and reference fuels No. 1, and No. 2 shall be obtained.
The spcond and third series of readings can then constitute a rating if they meet the criterip specified in
11.3.

11.5 lIf-the cylinder height, compensated for barometric pressure, used for the rating i$ outside the
guide table limit, conduct a new rating after readjusting the detonation meter settings to establish the
appropriate standard knock intensity using a PRF blend whose MON is close to that of the sample fuel.

12 Expression of results

12.1 Report the calculated motor octane number in accordance with the requirements of Table 5. When
the calculated MON value ends in exactly 5 in the place just beyond that to which it is to be reported,
round to the nearest even digit.

EXAMPLE 67,5 and 68,5 would be rounded to 68 as the nearest integer; 89,55 and 89,65 would be rounded to
89,6 as the nearest tenth.
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Table 5 — Significant digits for reporting motor octane number

Motor octane number range Report to

Below 72,0 nearest integer
72,0 to 103,5 nearest tenth
Above 103,5 nearest integer

12.2 If it is desired to also report the aviation method rating of the fuel, that shall be determined by
conversion of the MON result using Table 6. Aviation method ratings that are 100 or less are reported as
octane number. Aviation method ratings that are higher than 100 are reported as performance number.

Table 6 con
discontinued
aviation met

erts motor octane numbers to aviation method ratings equivalent to those\of
ASTM D 614.[2] See Referencel5] for information relative to the correlation of MON d
hod ratings.

13 Precision

13.1 Genel

al

Both the brdcketing-equilibrium fuel level and compression ratio prdcedures have been widely

for a numbe

" of years and the precision data reflect their equivalent performance. The compreé

ratio proced

re [10.1 c)] is allowed for ratings between 80 MQNyand 100 MON for the purpo

this Internatfional Standard. The bracketing-dynamic fuel levelptocedure [10.1 b)] was examin
equivalency between 80 MON and 90 MON using four cominercial fuels, three TSF blends and

oxygenate-c
procedure [1
procedure.

Repeatabilit}
Exchange Gr
monthly sam
member labd

ntaining fuels, as detailed in ASTM Research Report RR:D02-1343.[6] The auto-0O
0.1 d)] was found to have the same precision and range as the bracketing equilil

y precision limits for the 80 MON to 90 MON range are based on the ASTM Motor Na
pup (NEG) program data from 1983 through 1987 and 1994,[Z] during which period
ples were rated twice on the same day by the same operator on one engine in each
ratories.

Reproducibility precision limits for the 80 MON to 90 MON range are based on the data from the N

and the Insti
of the Institu
containing o

in these data].

Repeatabilit}
NEG quarter

fute of Petroleum manthly exchange programs from 1988 through 1994,[7] as well as
t Francais du Pétrgle monthly exchange program from 1991 through 1994.[Z] Sample
kygenates (alcohols or ethers), in concentrations typical of commercial fuel, were ing

F and reproducibility precision limit values above 100 MON are based on ASTM Ay
y sample data from 1988 through 1994.[7Z]

now-
ata to

used
pssion
ses of
bd for
eight
ctane
brium

tional
s, the
of the

[EG[Z]
those

fuels
luded

jlation

NOTE Pr

cision for medium and high ethanol blend products is under development within ASTM and

CEN.

Table 6 — Conversion of MON to aviation method rating

MON

Aviation method rating

0,0 0,2 0,4 0,6 0,8

90

90,15 90,37 90,58 90,79 91,01

91

91,22 91,43 91,65 91,86 92,07

92

92,29 92,50 92,71 92,92 93,13

93

93,35 93,56 93,77 93,98 94,19

NOTE
number.

Aviation ratings in bold type are in terms of octane number; ratings not in bold type are in terms of performance

20
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Table 6 (continued)
MON Aviation method rating
0,0 0,2 0,4 0,6 0,8
94 94,40 94,61 94,82 95,04 95,25
95 95,46 95,67 95,88 96,09 96,29
96 96,50 96,71 96,92 97,13 97,34
97 97,55 97,76 97,96 98,17 98,38
98 98,57 98,74 98,91 99,08 99,25
99 99,43 99,60 99,77 99,95 100,54
100 101,07 101,60 102,14 102,67 103,21
101 103,74 104,27 104,81 105,34 105,88
102 106,41 106,94 107,48 108,01 108,55
103 109,08 109,61 110,15 110,68 111,22
104 111,75 112,28 112,82 113,35 113,89
105 114,42 114,95 115,49 116,02 116,56
106 117,09 117,62 118,16 118,69 119,23
107 119,76 120,29 120,83 121,36 121,90
108 122,43 122,96 123,50 124,03 124,57
109 125,10 125,63 126,17 126,70 127,24
110 127,77 128,30 128,84 129,37 129,91
NOTE Aviation ratings in bold type are in terms of octane number; ratings not in bold type are in terms ¢f performance
numoer.
13.2 |Repeatability, r
For ratings at barometric pressuges-of 94,6 kPa (28,0 in of Hg) and higher, the difference between
two test results, obtained by the same operator with the same apparatus under constdnt operating
condifions on identical test nfaterial would in the long run, in the normal and correct opgration of the
test mmethod, exceed the values given in Table 7 in only one case in 20.
13.3 |Reproducibjlity, R
For ratings at baremetric pressures of 94,6 kPa (28,0 in of Hg) and higher, the difference petween two
singlg and independent test results, obtained by different operators working in different]laboratories
on idgntical.test material would in the long run, in the normal and correct operation of the|test method,

excee

d the values given in Table 7 in only one case in 20.

Table 7 — Motor octane number repeatability and reproducibility limits

Average mottl):‘;::itane number Repeatability, r Reproducibility, R
Below 80,0 no current data no current data
80,0 to 90,0 0,2 09
90,0 to 102,0 no current data no current data
102 to 103 0,6 2,0
Above 103,0 no current data no current data
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