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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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Starnjdards
adopted by the technical committees are circulated to the member bodies for voting~Publication gs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 5163 wag prepared by Technical Committee ISO/TC 28, Petroleum products and lubricants.

This third edjtion cancels and replaces the second edition (ISO 5163:1990), which has been techpically
revised.
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The purpose of this International Standard is to accord ISO status to a test procedure that is already used in a
standardized form all over the world. The procedure in question is published by ASTM International as

Standard Test Method D 2700-01a.

By publishing this International Standard, ISO recognizes that this method is used in its origina

The dccumulated motor and aviation-type fuel data relating to knock characteristics determ
countfies has, for many years, been based on the use of the CFR éngine2) and the ASTN\
methqds. Accepted worldwide, petroleum industry octane number requirements for motor and
fuels are defined by the motor method and associated CFR F-2 QOctane Rating Unit, which en
need for this method and test equipment to be standardized. The.initiation of studies to use a di
for ISQ purposes has therefore been considered an unnecessary duplication of effort.

It is fgrther recognized that this method for rating motor‘and aviation-type fuels, which does i
operating conditions, is nevertheless an exceptional_case in that the CFR engine is manufa
dimensions and requires numerous settings and adjustments to inch dimensions. Application of
these |dimensions and tolerances can only be acComplished by strict numerical conversion wh
reflec{ proper metric engineering practice. Attémpts to utilize metric measurement instruments
compénent dimensions to the numerically, converted metric values would only introduce an add
of tes{ variability.

For these reasons, it has been considered desirable by ISO Technical Committee 28, Petroleum
lubricants, to adopt the ASTM D 2700 standard rewritten to comply with the ISO Directives, Pa
the structure and drafting of International Standards. However, this International Standard refe
and gppendices of ASTM D2700 without change because of their extensive detail. These
apper]dices are not included in this International Standard because they are published in the A
ASTM Standards, Section 5.
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1) Copies may be purchased directly from
West Conshohocken, PA 19428-2959, USA,
service@astm.org, website: www.astm.org.

2) The sole manufacturer of the Model CFR F-2 Octane Rating Unit is Waukesha Engine, Dresser, Inc.,
Paul Avenue, Waukesha, WI 53188, USA.

the publisher, ASTM International,

telephone: +1610-832-9585, fax: +1
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INTERNATIONAL STANDARD

ISO 5163:2005(E)

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

equi
with i
safety

1 §
This |
scale
carbu
knock

octang¢ number provides a measure of the knock characteristics of.aviation fuels in aviation pistd

using
aviatiq

This |
range
aviatiq

This |

Certai
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NOTE
in inch
this Inf

NOTE
the mg

2 N

s use. It is the responsibility of the user of this International Standard to establish
r and health practices and determine the applicability of regulatory limitations_prior t

cope

hternational Standard establishes the rating of liquid spark-ignition engine fuel in terms
of octane numbers using a standard single-cylinder, four-stroke*cycle, variable-comp
etted, CFR engine operated at constant speed. Motor octane number (MON) provides a nj
characteristics of motor fuels in automotive engines under sévere conditions of operatig

an equation to correlate to aviation-method octane number or performance number
n rating).

is 40 MON to 120 MON. Typical motor fuel testing is in the range of 80 MON to 90
n fuel testing is in the range of 98 MON to 102"MON.

nternational Standard can be used for exygenate-containing fuels containing up to 4,0 % (|
h gases and fumes, such as halogénated refrigerants used in air-conditioning equipmer
nt in the area where the CFR.engine is located, may have a measurable effect on thg

cal power transient voltage orfrequency surges or distortion can affect MON ratings.

1 This International Standard specifies operating conditions in Sl units but engine measuremen

-pound units becausethese are the units used in the manufacture of the equipment, and thus som
ernational Standard-incldde these units in parenthesis.

2  For the purposes of this International Standard, the expressions “% (m/m)” and “% (V/V)" are us
ss and volume-fractions of a material, respectively.

ormative references

s associated
appropriate
o use.

f an arbitrary
ression ratio,
easure of the
n. The motor
n engines, by
(lean-mixture

nternational Standard is applicable for the entire scale range from 0 MON to 120 MON, buiit the working

MON. Typical

/m) oxygen.

t that can be
MON rating.

s are specified
e references in

ed to represent

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

ISO 3

ISO 3

170:2004, Petroleum liquids — Manual sampling

171:1988, Petroleum liquids — Automatic pipeline sampling

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

ISO 4787:1984, Laboratory glassware — Volumetric glassware — Methods for use and testing of capacity

ASTM D 2700-01a, Standard Test Method for Motor Octane Number of Spark-Ignition Engine Fuel

© 1SO 2005 - All rights reserved
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3 Terms and definitions

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

3.1
check fuel

fuel of selected characteristics that has a MON assigned reference value determined by round-robin testing by
multiple engines in different locations

3.2

cylinder height

relative vertic

| pneil’ir\n ofthe CER nnginn r\ylindnr with rncpor\i‘ to-the pici‘nn at +np dead centre (f_rl_r\_)

or the

top machined

3.3

dial indicato
numerical ing
compression

NOTE Thq

3.4

surface of the crankcase

reading
ication of cylinder height, indexed to a basic setting when the engine js™motored wi
ratio set to produce a specified compression pressure

e dial indicator reading is expressed in thousandths of an inch.

digital countgr reading

numerical ind
compression

3.5
detonation n
knock signal
produces an ¢

3.6

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

eter
conditioning instrumentation that accepts the (€lectrical signal from the detonation picku
utput signal for display

detonation pjckup

magnetostrict
and provide 3

3.7

firing

engine operat
3.8

fuel-air ratio
proportion of

3.9
guide table

h electrical signal proportional te. the rate-of-change of that cylinder pressure

ion with fuel and ignition

for maximum- knock intensity
uel to air‘that produces the highest knock intensity for each fuel

th the

th the

p and

ve-type transducer that threads into’the engine cylinder to sense combustion-chamber pressure

tabulation of t

at standard knock intensity and a specified barometric pressure

3.10
knock

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

3.11

knock intensity
measure of engine knock

e specific relationship between cylinder height and octane number for the CFR engine operated

© I1SO 2005 — All rights reserved
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3.12

knockmeter

indicating meter with a 0-to-100 division scale that displays the knock intensity signal from the detonation
meter

3.13

lean mixture aviation rating

indication of the knock resistance for a fuel operating in an aviation piston engine under lean fuel-air ratio
conditions

3.14
motoring
enginé operation without fuel and with the ignition off

3.15
motor octane number
MON
numefical rating of knock resistance for a fuel obtained by comparing its knock intensity with that of primary
reference fuels of known motor octane number when tested in a standardized CFR engine operating under
conditions specified in this International Standard

3.16
oxygenate
oxygen-containing organic compound, such as various alcohols or'éthers, used as a fuel or fuel supplement

3.17
primary reference fuel
PRF
2,2, 4-trimethylpentane (isooctane), heptane, volumetrically proportioned mixtures of isooctane with heptane,
or blends of tetraethyl lead in isooctane, which define the octane number scale

3.18
spread
sensitjvity of the detonation meter, expressed in knockmeter divisions per octane number

3.19
toluene standardization fuel blend
TSF Qlend

volumeetrically proportioned-blend of two or more of the following; reference fuel grade toluene,|heptane, and
isooctane, that have MON“accepted reference values and specified rating tolerances

4 rinciple

A sanjplefuel, operating in a CFR engine at the fuel-air ratio that maximizes its knock, is compafed 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.

5 Reagents and reference materials
5.1 Cylinder-jacket coolant, consisting of water conforming to grade 3 of ISO 3696:1987.
Water shall be used in the cylinder jacket for laboratory locations where the resultant boiling temperature is

100 °C + 2 °C. Water with commercial glycol-based antifreeze added in sufficient quantity to meet the boiling
temperature requirement shall be used when laboratory altitude dictates.

© 1SO 2005 - All rights reserved 3
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A commercial multi-functional water treatment material should be used in the coolant to minimize corrosion
and mineral scale that can alter heat transfer and rating results.

5.2 Carburrettor coolant, if required (see 8.30), consisting of water or a water-antifreeze mixture, chilled
sufficiently to prevent fuel bubbling, but neither colder than 0,6 °C nor warmer than 10 °C.

5.3 Engine crankcase-lubricating oil, comprising an SAE 30 viscosity grade oil meeting service
classification SF/CD or SG/CE.

It shall contain a detergent additive and have a kinematic viscosity of 9,3 mm?2/s to 12,5 mm?2/s at 100 °C and
a viscosity index of not less than 85. Qils containing viscosity index improvers shall not be used. Multi-grade
|ubricating oils_shall not he used

5.4 2,2, 4-tnimethylpentane (isooctane) primary reference fuel, of minimum purity 99;78%|(V/7),
containing nq@ more than 0,10 % (V/V) heptane and no more than 0,5 mg/l lead. This material shall be
designated ag 100 MON.

o

NOTE Ceftified reference materials, such as CRM IRMM-442 and NIST SRM 1816a, are commercially availab

5.5 Heptane primary reference fuel, of minimum purity 99,75 % (V/V), , ¢ontaining no moreg than
0,10 % (V/V) isooctane and no more than 0,5 mg/l lead. This material shall be designated as 0 MON.

NOTE Ceftified reference materials, such as CRM IRMM-441 and NIST SRM,4815a, are commercially availab

o

5.6 80-octane primary reference fuel blend, prepared using reference fuel grade isooctane (5.4) and
heptane (5.5)] this blend shall contain 80 % (V/V) £ 0,1 % (V/V) isoogtane.

NOTE AS|TM D 2700-01a, Annex A5 (Reference Fuel Blending, Tables), provides information for preparation of
primary refererice fuel blends to specific MON values.

5.7 Tetraerlhyl lead, dilute, (TEL dilute volume basis);.consisting of a solution of aviation-mix tetraethyl lead
antiknock compound in a hydrocarbon diluent of 70 %-(V/V) xylene and 30 % (V/V) heptane.

The antiknock compound shall contain 18,23'% (m/m) £ 0,05 % (m/m) tetraethyl lead and have a r¢lative
density at 15,6 °C/15,6 °C of 0,957 to 0,967.

NOTE The typical composition of the €ompound, excluding the tetraethyl lead, is as follows:
EtHylene dibromide (scavenger): 10,6 % (m/m)
Dilgient:
xylene 52,5 % (m/m)
heptane 17,8 % (m/m)

dye, antfioxidant and inerts 0,87 % (m/m)

5.8 Primary reférence fuel blends for ratings over 100 MON, prepared by adding dilute tetraethyl lead
(5.7), in specified millilitre quantities, to a 400 ml volume of isooctane (5.4).

These blends define the MON scale above 100.

NOTE ASTM D 2700-01a, Annex A5 (Reference Fuel Blending Tables), provides the MON values for blends of
tetraethyl lead in isooctane.

5.9 Methylbenzene (toluene), reference fuel grade, with a minimum purity of 99,5 % (V/V) as determined
by chromatographic analysis, a peroxide number not exceeding 5 mg/kg and a water content not exceeding
200 mg/kg.

Antioxidant treatment should be added by the supplier at a rate suitable for long-term stability, as empirically
determined with the assistance of the antioxidant supplier.

4 © I1SO 2005 — All rights reserved
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5.10 Check fuels, consisting of in-house typical spark-ignition engine fuels having MON accepted reference
values, low volatility and good long-term stability.

6 Apparatus

6.1 Test engine assembly, a CFR F-2 octane rating unit consisting of a single-cylinder engine composed
of a standard crankcase, a variable-compression-ratio cylinder — clamping sleeve assembly, thermal-siphon
recirculating jacket cooling system, multiple-fuel-bowl system with selector valving to deliver fuel through a
single-jet passage and carburettor venturi, an intake mixture manifold with mixture heater, an intake air

system with controlled temperature and humidity equipment, electrical controls, and a suitable exhaust pipe.

The €
driver
(engin
critica

6.2

pickup
therm
Descr
this In

NOTE
Dressé
servicq
Interng

6.3
volum

Calibr|
delive
shut-d
excee

6.4
other
for dis

Calibr|

NOTE

ngine shall be connected by a belt to a special electric power-absorption motor that @c
to start the engine and as a means to absorb power at constant speed when combustio
e firing). See ASTM D 2700-01a, Annex A2 (Engine Equipment Description and Specific
, hon-critical and equivalent engine equipment, which shall apply for this International Stan

Instrumentation, consisting of electronic-detonation metering instrumentation, including

and knockmeter to measure and display the intensity of combustion. knock, as well ag
bmetry, gauges and general-purpose meters. See ASTM D 2700-0%a, Annex A3 (In
ption and Specifications), for all critical, non-critical and equivalent iastrumentation, which
ternational Standard.

Engine equipment and instrumentation are available from thé.single-source manufacturer, Wa

r, Inc., 1000 West St. Paul Avenue, Waukesha, W1 53188, USA.\Waukesha Engine also has autho

organizations in selected geographic areas. This information is given for the convenience o
tional Standard but does not constitute an endorsement by [SO of this product.

Reference and standardization fuel dispensing equipment, consisting of calibrate|
etric ware having a capacity of 200 ml to 500 mlrand a maximum volumetric tolerance of +

tion shall be verified in accordance with 1ISO 4787. Burettes shall be outfitted with a deliv
Fy tip to accurately control dispensed.volumes. The delivery tip shall be of such size an
ff tip discharge does not exceed 0;6 ml. The rate of delivery from the dispensing sys|
d 400 ml/min.

Tetraethyl lead (TEL) dispensing equipment, consisting of a calibrated burette, pipette
iquid-dispensing apparatus} having a capacity not exceeding 4,0 ml, and a critically contrg
pensing dilute TEL into 400 ml batches of isooctane.

ation shall be verified in accordance with ISO 4787.

ASTM D_2700-01a, Appendix X1 (Reference Fuel Blending Apparatus and Procedures), pro

information for appli€ation of this International Standard.

6.5
availa

Special’ maintenance tools, consisting of a number of specialty tools and measurin
ble for easy, convenient and effective maintenance of the engine and testing equipment.

S as a motor
n is occurring
ations), for all
dard.

a detonation
conventional
strumentation
shall apply for

Lkesha Engine,
rized sales and
f users of this

d burettes or
0,2 %.

ery valve and
d design that
tem shall not

assembly, or
lled tolerance

ides additional

j instruments

NOTE

Lists and descriptions of these tools and instruments are available from the manufacturers of the engine
equipment and those organizations offering engineering and service support for this International Standard.

7 Sampling and sample preparation

7.1 Obtain samples in accordance with ISO 3170, ISO 3171 or an equivalent national standard.

7.2 Cool samples to 2 °C to 10 °C in the container in which they are received and before the container is
opened.

7.3 Minimize the sample's exposure to light before pouring it into the engine carburettor fuel bowl, because

of possible sensitivity to light that can affect fuel characteristics.
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8 Basic engine and instrument settings and standard operating conditions

8.1

Installation of engine equipment and instrumentation

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. Proper operation of the
test engine requires assembly of a number of engine components and adjustment of a series of engine variables

to prescribed
established af
shall be obser

8.2 Engin¢ speed

The engine s
variation of 9

Engine speed
combustion.

8.3 Valve

The four-strok
are those tha
valve opening
revolution of
(b.b.d.c.) on
revolution of
Instructions), {

8.4 Valve

Intake and e
6,350 mm (0,
6,045 mm + 0
Setting Instrug

8.5 Intake

The 180° shrq
pin in the valV

t:r]e second revolution of the crankshaft and'flywheel with closing at 15,0° + 2,5° a.t.d.c. on th

Specifications. Some of these Settings are established by component speciiications, othe
the time of engine assembly or after overhaul and still others are engine-running conditior
ved and/or determined by operator adjustment during the testing process.

peed shall be 900 r/min + 9 r/min when the engine is operating with combustion with a ma
/min occurring during a rating.

when combustion is occurring shall not be more than 3 r/min dreater than for motoring v

iming

e cycle engine uses two crankshaft revolutions for each combustion cycle. The two critical
occur near top-dead-centre (t.d.c.), i.e. intake valve opening and exhaust valve closing.
shall occur 10,0° + 2,5° after t.d.c., with closing-at 34° after-bottom-dead-centre (a.b.d.c.) g
he crankshaft and flywheel. Exhaust valve, opening shall occur 40° before-bottom-dead-

e crankshaft and flywheel. See ASTNM D 2700-01a, Annex A4 (Apparatus Assembly and §
or the procedures for crankshaft timing that shall apply for this International Standard.

ift

P46 in to 0,250 in) fram, the base circle to the top of the lobe so that the resulting valve lift s
050 mm (0,238 in+0,002 in). See ASTM D 2700-01a, Annex A4 (Apparatus Assembl
tions), for the procedures for measuring valve lift that shall apply for this International Standg

valve shroud

ud-directs the incoming fuel-air mixture and increases its turbulence in the combustion cham

s are
s that

imum

ithout

pvents
Intake
n one
centre
e next
betting

haust cam lobe conteurs, whilst different in shape, shall have a contour rise of 6,248 fnm to

hall be

y and
rd.

ber. A
in the

e stem mates with a slot in the valve guide to prevent valve rotation. Assembly of the valve

cylinder requires that the stem pin alignment positions the valve so the shroud is toward the spark plug side of

the combustio

8.6 Directi

n chamber.

on of engine rotation

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

8.7 Carburettor venturi

Select the carburettor venturi in accordance with Table 1 appropriate for the typical barometric pressure that

prevails at the

location where the engine is installed and operated.
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Table 1 — Carburettor venturi size for laboratory elevation and barometric pressure

Altitude at engine location Venturi throat size Barometric pressure range
m cm (in) kPa (in Hg)
Sea level 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

When the altitude is close to that where venturi size changes, select whichever venturi size produces a minimum

bias fq

8.8

With t
ball tq

enging running and hot clearance:

N
— €

These
warms-
adequ
exhau
condit

8.9

Oil prgssure shall be 172 kPa to 207 kPa.

8.10
Qil ten
8.1

Cyling
rating

8.12

r the toluene standardization fuel (I'SF) blend MON ratings.

Valve clearances

Ne engine cold prior to being operated, set the clearance between each valve stem and val
the following approximate measurements upon assembly, which will typically provide f{

take valve 0,102 mm (0,004 in);
xhaust valve 0,356 mm (0,014 in).

clearances should ensure that both valves have sufficient glearance to cause valve seating
up. The adjustable-length valve push rods shall be set so that the valve rocker adjusting
ate travel to permit the final clearance setting. Engine running and hot clearance for bd
st valves shall be set to 0,200 mm = 0,025 mm (0,008 in + 0,001 in) measured under stang
ons with the engine running at equilibrium conditions on a 90 MON primary reference fuel.

Oil pressure

Oil temperature

hperature shall be 57 {Cy+ 8 °C.

Cylinder jacket-coolant temperature

er jacket eqolant temperature shall be 100 °C + 1,5 °C, but shall not vary by more than + 0

Intake air temperature

Intake air temperature shall be 38,0 °C + 2,8 °C.

8.13

Intake mixture temperature

e rocker half-
he controlling

during engine
screws have
th intake and
ard operating

5 °C during a

Set the temperature to 149 °C + 1 °C 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 and 163 °C. 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 range for that TSF blend. The intake mixture temperature variation
during any rating (tuned or untuned) shall not exceed 1 °C.

© 1SO 2005 - All rights reserved
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8.14 Intake air humidity

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

8.15 Cylinder jacket coolant level

The coolant 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 coolant added to the cooling condenser/cylinder jacket to
a level just ob i i i i i i i ing and
hot operating Igvel.

8.16 Engine¢ crankcase lubricating oil level

The controllirjg engine running and hot operating level of the oil in the crankcase shall be approximately
mid-position ip 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 fypically provide this condition.

8.17 Crankeg¢ase internal pressure
The pressurg shall be less than 0 (a vacuum), and typically from 25 mm to 150 mm of water lesg than

atmospheric pressure, as measured by a gauge or manometer, connected to an opening to the inside |of the
crankcase thrpugh a snubber orifice to minimize pulsation. Vacuum shall not exceed 255 mm of water.

8.18 Exhaust back-pressure
The static prgssure shall be as low as possible, but shall not create a vacuum nor exceed 255 mm of|water

differential in|excess of atmospheric pressure;~as measured by a gauge or manometer connected|to an
opening in the exhaust surge tank or main exhaust stack through a snubber orifice to minimize pulsations.

8.19 Exhaupt and crankcase breather system resonance

The exhaust Bnd crankcase breather/piping systems shall have internal volumes and be of such length that
gas resonancg does not result.

NOTE AS[TM D 2700-01a;~Appendix X2 (Operating Techniques — Adjustment of Variables), provides a guitable
procedure to d¢termine if resohance exists in the application of this International Standard.

8.20 Belt tension

The belts conmectingtheflywheetHtotheabsorptiommotorshatt-betightered,after-mitiat-break=im,sothat 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

Each support shall be threaded into the cylinder so that the space between the underside of its fork and the
top surface of the cylinder is 31 mm (1 7/32 in).

8.22 Rocker arm carrier basic setting

With the space between the cylinder and the clamping sleeve at approximately 16 mm (5/8 in), the rocker arm
carriers shall be horizontal.
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8.23 Rocker arm and push rod length basic settings

With the engine crankshaft and flywheel on t.d.c. on the compression stroke, and the rocker arm carriers
properly levelled, set the rocker arm adjusting screws at mid-travel and adjust the length of the push rods so
the rocker arms are horizontal.

8.24 Basic spark setting

With the engine running and firing, the digital timing indicator or graduated spark quadrant properly calibrated
and the ignition timer control mechanism properly set, adjust the cylinder height to a digital counter reading of
264 (uncompensated for barometric pressure) and/or a dial indicator reading of 0,825 in, and then adjust the
ignitioprtimrersothat thespark timing s 268°btdT:

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

8.25 |Basic ignition timer transducer to rotor vane gap setting

The basic ignition timer transducer to rotor vane gap setting shall be 008 mm to 0,13 mm (0,003 in
to 0,005 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 c¢ntreline of the ignition control arm is horizontal. Tighten*the knurled screw that clamgs the ignition
contrdl arm to the ignition timer and loosen the knurled screw that clamps the ignition timer to thg ignition timer
bracket. These settings cause spark timing to automatically change as engine cylinder heigt changes in
accordlance with either Equation (1) or (2):

S|= 29,582 - (0,0136 x C) (1)

S|= 10,163 + (19,19 x 1) (2)
where

S| is the spark timing, expréssed in degrees;

d is the digital counter reading;

I| is the dial indicator reading.

8.27 [Spark-plug gap

The spark-plug gap shall be 0,51 mm £+ 0,13 mm (0,020 in + 0,005 in).

8.28 Basic cylinder height setting

Operate the engine at typical knocking conditions to ensure it is thoroughly warmed up. Shut down the engine.
Check that the ignition is off and that fuel cannot enter the combustion chamber. Install a calibrated
compression-pressure gauge in the detonation pickup hole of the cylinder. Start and operate the engine under
motoring conditions. Adjust the cylinder height to produce the basic compression pressure for the prevailing
barometric pressure and selected venturi, in accordance with the information shown in Figure 1. Set the
cylinder height indicating devices as follows:

— digital counter reading (uncompensated for barometric pressure) to 930;

— dial indicator reading to 0,352 in.
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NOTE It is inappropriate to convert the dial indicator reading into S| units; see Introduction, paragraph 4.

See ASTM D 2700-01a, Annex A4 (Apparatus Assembly and Setting Instructions), for the detailed procedure
for indexing the cylinder height that shall apply for this International Standard.

Y24 Y14
1300 |- 190
180 7
1200 |- S Amm—
|
170 -~ ,4 -
v P v
7 . 3
1100 - [160 1 ) -
/'
» 2
150 )
1000 - P
,,/
140 H-H
P
900 [-[130
120
21 2 23 2k 25 o2 27 28 29 30 X
I R R R | I R R R
5L0 560 580 600 %620 660 680 700 720 740 760 780 X2

Key
X1 Barometrid pressure, in Hg
X2 Barometrid pressure, mm Hg
Y1 Compressipn pressure, psig
Y2 Compressipn pressure, kRa

1 1,90 cm (3[4 in) ventdri) 66,04 cm (26,00 in) Hg base
2 1,51 cm (1p/32 in).venturi; 71,12 cm (28,00 in) Hg base
3 1,43 cm (9[16:in), venturi; 76,00 cm (29,92 in) Hg base

NOTE Basic cylinder height setting:

digital counter: 930
dial indicator: 0,352

Figure 1 — Actual compression pressure for setting cylinder height3)

3) Extracted, with permission, from ASTM D 2700-01a.
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8.29 Fuel-air ratio

For all sample fuels and primary reference fuels, the fuel-air ratio 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.

8.30 Carburettor cooling

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

8.31 [Knockmeter reading limits

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

8.32 |Detonation meter spread and time constant settings

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

Use the procedure given in ASTM D 2700-01a, Annex A4 (Apparatus Assembly and Setting Instructions), to
set th¢ detonation meter.

9 Hngine calibration and qualification

9.1 |General

The gngine shall be commissioned in~asmanner such that all settings and operating conglitions are at
equilihrium and in compliance with basjc'engine and instrument specifications.

NOTE Engine warm-up typicallyfequires 1 h to ensure all critical variables are stable.

9.2 [Engine fit-for-use qualification

9.2.1 | The engine shallbe qualified as fit-for-use by rating a toluene standardization fuel (T|SF) blend for
every[MON range irmwhich sample fuels are to be rated in accordance with the following:

a) afleast once/during a 12 h operating period;

S
o)

ter’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;

d) after a change in barometric pressure of more than 0,68 kPa (0,2 in Hg) from that which prevailed at the
time of the previous TSF blend rating for a MON range to be used for rating sample fuels.

9.2.2 The bracketing procedure for rating TSF blends shall be carried out using the cylinder height
(compensated for barometric pressure) in accordance with the guide table for standard knock intensity for the
MON accepted reference value of the TSF blend.

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

9.2.4 Carburettor cooling shall not be used.
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9.3 Fit-for-use procedure in the 79,8 MON to 94,5 MON range

9.31

made during the operating period.

Table

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

Select the TSF blend(s) listed in Table 2 for the MON range(s) in which sample fuel ratings are to be

MON o
calibrated
blend

f
TSF

Untuned rating
tolerance

TSF blend composition

Y% (V/V) MON range

Toluene Isooctane Heptane

Use for sample fuel

=4 a

81,59

oOn o O R
r= U 20 rJ,0 WU 0,9

85,22

74 5 21 83,2 to 87,1

88,74

74 10 16 86,8 t0)90,8

92,60

74 15 11 90,5-to 94,7

a8  Blends

http://www.ag

calibrated by the TCD93 worldwide programme. For further information, refer to the websites listed be
tm.org/cgi-bin/SoftCart.exe/SNEWS/MARCH_2004/bradley_mar04.html?L+mystore+dhon@370

http://www.er]

ergyinst.org.uk/index.cfm?PagelD=628

b Blend ¢
http://www.ag

librated by the ASTM National Exchange Group in 1986. For further information, refér to the websites listed be
tm.org/cgi-bin/SoftCart.exe/SNEWS/MARCH_2004/bradley mar04.htmI?L+mystere+dhon6370

http://www.e

ergyinst.org.uk/index.cfim?PagelD=628

ow:

9.3.2 Using
blend. The en
specified in T
rating is more|

It is permissi
mixture temp
conditions are

a) The engi
the last fi

b) Mainteng

the standard intake mixture temperature of 149 °C, determine the MON of an untune
gine shall be qualified as fit-for-use if this TSF blend rating is within the untuned rating tolg
able 2 and intake mixture temperature tuning is nét required, although it is permissible
than 0,1 MON from the MON accepted reference.value of the TSF blend.

ble to start fit-for-use testing for a new operating period using approximately the same
erature tuning adjustment applied for ‘the previous operating period, if both the fol
met.

ne standardization during the last operating period required intake mixture temperature tun
-for-use test.

nce has not taken place in_the period between fit-for-use tests.

9.3.3 An unmtuned engine that\rates a TSF blend outside the untuned MON rating tolerance speci

Table 2 may
than 163 °C.
MON accepts
MON range fi
shall be deter

be temperature-turied using an intake mixture temperature neither lower than 141 °C, nor
[The engine shall be qualified as fit-for-use if the TSF blend rating is within = 0,1 MON
d reference value of the TSF blend. It shall not be used to rate sample fuels, in the app
br that TSP blend, if it cannot be so qualified. The cause of the inability to rate the TSF
mined.and corrected.

i TSF
rance
if the

intake
owing

ng for

ied in
nigher
of the
icable
blend

9.4 Fit-for

9.41

use procedure below 79,8 MON and above 94,5 MON

made during the operating period.

9.4.2

Select the TSF blend(s) listed in Table 3 for the MON range(s) in which sample fuel ratings are to be

Using the standard intake mixture temperature of 149 °C, 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.
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Table 3 — TSF blend MON, rating tolerance and sample fuel MON range of use

MON of . TSF blend composition
calibrated TSF Rating % (V/V) Use for sample
blend tolerance fuel MON range
Toluene Isooctane Heptane
58,0 +1,1 50 0 50 below 62,3
66,9 +1,1 58 0 42 62,210 71,0
74,8 +1,0 66 0 34 70,7 to 76,7
78,2 +1,0 70 0 30 76,4 t0 79,9
96,6 +1,2 74 20 6 94i4vio 98,4
99,82 +0,9 74 24 2 98,1 t¢ 100,0
100,8 +1,3 74 26 0 above 100,0
Blend calibrated by the ASTM National Exchange Group in 1986. All other calibrated blends'by the National [Exchange
Group and Institute of Petroleum in 1988/89. For further information, refer to_the ) websites listdd below:
http://www.astm.org/cgi-bin/SoftCart.exe/SNEWS/MARCH 2004/bradley mar04.html?L+mystore+dhon6370
pttp://www.energyinst.org.uk/index.cfm?PagelD=628
9.5 |Checking performance on check fuels
Althoygh engine qualification is dependent solely on the MON ratings of the TSF blend, the use of typical fuels,
collecied and calibrated as check fuels (5.10), regularly rated” and documented using contro|] records and
chartd, can be useful to demonstrate the on-going perforayance and credibility of the engine and operating
persopnel.
10 Brocedure
10.1 |General
ASTM D 2700-01a incorporates three specific procedural variations for the determination of MON:
a) procedure A: Bracketing-equilibrium fuel level,
b) procedure B: Bracketing-dynamic fuel level,
c) procedure C: Compression ratio.
Only the original' procedure, now identified in the ASTM standard as the bracketing-equilibrium fuel level
proceflure, is~included in this International Standard. However, all three procedures have equivdlent precision
in the MON. range of typical commercial motor fuel and can be used for ratings in specific MON ranges.
Check that all engine operating conditions are in compliance and equilibrated with the engine running on a
typical fuel.
10.2 Start-up

Determine that the engine is fit-for-use. If tuning of the intake mixture temperature is utilized to qualify the
engine, the selected intake mixture temperature for the MON of the appropriate TSF blend shall be used,
during the operating period, to rate every sample fuel in the applicable MON range of use for that TSF blend.
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10.3 Calibration

10.3.1 Calibrate the engine and instrumentation to establish standard knock intensity using a PRF blend
whose MON is close to that of the sample fuels to be tested.

10.3.2 Set the cylinder height (compensated for barometric pressure) in accordance with the guide table
value (given in Annex A6 of ASTM D 2700-01a) for the MON of the PRF selected.

10.3.3 Operate the engine utilizing the PRF and vary the fuel-air ratio to establish the setting that maximizes
the knockmeter reading.

with an optim

NOTE Gu
MON (in tenths
Constant Knoc
for compensat
barometric preg

10.3.5 If the
established u
may be requi
rating range
spread is mai

10.4 Sampl

10.4.1 Operate the engine on the sample fuel and check thatithe fuel system is free of vapour bubbles.

10.4.2 Adjus

10.4.3 Adjus
readjust the ¢

10.4.4 Reco

10.5 Primai

10.5.1 Base
ASTM D 270(

10.5.2 Prepa
is free of vapd

e fuel

de tables for standard knock intensity at standard barometric pressure listing the cylinder heights fd
) over the range from 40 MON to 120 MON are given in ASTM D 2700-01a, Annex A6’ (Guide Ta

Intensity), for each carburettor venturi size. To complement these tables, Annex A6 lalso includes
on of guide table cylinder heights when the barometric pressure is either below or above st
sure.

MON of a sample fuel is indicated to be higher than 100, the standard knock intensity sk
5ing one of the isooctane and TEL PRF blends that will bracket,the sample fuel. Severa
ed in order to select the appropriate PRF. In addition, use the¢ PRF blends specific to the

s specified in Table 4. Adjust the detonation meter settings such that the detonation
htained as large as possible, despite knockmeter reading instability.

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

t the fuel-air ratio and determine~the maximum knockmeter reading attainable. If nece
ylinder height such that the maximum knockmeter reading occurs at 50 divisions + 2 divisig

'd the sample fuel knockmeter reading.

y reference fuel No:-1

i on the cylindéryheight used for the sample fuel, refer to the appropriate guide table gi
and select aPRF that can be expected to have a MON close to that of the sample fuel.

re a freshvbatch of the PRF. Operate the engine using this PRF and check that the fuel s
ur bubbles.

hyisions

r each
bles of
A table
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MON
meter

ssary,
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10.5.3 Witho

mnla fuel adiust tha fual-gir rat
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utchanaina-tha cvinder heiaht from that tcad for tha o
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maximum knockmeter reading for the PRF.

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.
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