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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 task of technical committees is to prepare International Standards. Draft International Starndards
adopted by the technical committees are circulated to the member bodies for votingmPublication fas 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 shiall not be held responsible for identifying any or all such patent rights:.

ISO 6565 was prepared by Technical Committee ISO/TC 126, Tobacco_and tobacco products, Subcommittee
SC 1, Physical and dimensional tests.

This fourth edition cancels and replaces the third edition (ISO 6565:2002), which has been technically rejyised.
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Introduction

The draw resistance of cigarettes or the pressure drop of filter rods is a widespread and important concept
both for product quality specifications and for analytical determinations by mechanical smoking.

Different procedures and apparatus are currently available for this determination. It has so far not been
possible to standardize the complete description of the equipment to be used and the detailed procedure.
Nevertheless, it has been possible to obtain broad consensus on the definitions to be addgpted and the
conditions that allow comparable determinations of this characteristic to be made. In order to~achieve this, one
of the|main requirements is the use of transfer standards for the calibration of instruments(see Annex A).

In thi§ International Standard, the results are given in pascals (Pa). For information, they are|also given in
millimgtres water gauge (mmWG).

The values given previously in mmWG are converted into Pa using the following correction factof:
1mmWG = 9,806 7 Pa

For practical use, the values have been rounded.

© 1SO 2011 — All rights reserved \"
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INTERNATIONAL STANDARD ISO 6565:2011(E)

Tobacco and tobacco products — Draw resistance of cigarettes
and pressure drop of filter rods — Standard conditions and
measurement

1 Scope

This International Standard describes a method for the measurement of the draw resistance of ¢igarettes and
presslire drop of filter rods, and specifies the standard conditions applicable to suchvmeasurements.

It is applicable to cigarettes, filter rods and, by extension, to cylindrical tobacgo.products similar tp cigarettes.

2 Normative references

The fpllowing 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 3102, Tobacco and tobacco products — Atmosphere for conditioning and testing

ISO 1P185, Tobacco and tobacco products — Vocabulary

3 Tlerms and definitions
For the purposes of this document, the terms and definitions given in ISO 10185 and the following apply.

31
pressure drop
static pressure difference)between the two ends of

— a|test piece eompletely encapsulated in a measuring device such that no air can pass thrdugh the outer
membrane/(af wrapping); or

— a|pneumatic circuit,

when |itlis traversed by an air flow under steady conditions in which the measured volumetr|c flow, under
standard conditfons, atthe outputend {5 17,5 mifs, as deffned M 1SO 3402

3.2

draw resistance

negative pressure which has to be applied to the output end, under test conditions (see ISO 3402), in order to
sustain a volumetric flow of 17,5 ml/s, exiting at the output end, when the cigarette is encapsulated in a
measurement device to a depth of approximately 9 mm, as defined in ISO 3308

NOTE 1 Any ventilation zones and the tobacco rod are exposed to the atmosphere.

NOTE2 The concept of draw resistance can also be subjectively judged when a cigarette is smoked by a
consumer/taste panel. Under such circumstances, draw resistance is not measured objectively because the conditions of
the formal definition are not met.

© 1SO 2011 — All rights reserved 1


https://standardsiso.com/api/?name=c16991ac966a83fecad63acd2a8749da

ISO 6565:2011(E)

3.3
input end
(cigarettes) th

3.4
output end

at end of the test piece intended to be lit

that end opposite from the input end

3.5

standard direction of flow

direction from

the input end to the output end

NOTE In{

3.6

he case of a filter rod, the input end and the output end are defined by the direction of flow.

pressure drop transfer standard

transfer stan
conditions an
NOTE Th
3.7

dummy stan

device with th
calibration ap

NOTE A 3
dimensions (se

3.8
reference st3
pressure drop

NOTE Su

l used under local ambient conditions

e form and properties of suitable transfer standards are given in Annex A.

Hard

e same shape and similar form to a pressure drop transferéstandard, for use in leak tes

baratus

uitable dummy standard consists of a pressure drop tramsfer standard or a smooth metal tube of
e A.4.2.2).

ndard
transfer standard against which other pressure drop transfer standards are compared

Ch a reference standard is generally resérved for this purpose and is not used for the routine calibra

pressure drop fneasuring instruments.

3.9
monitor refe

ence standard

reference standard used to confirm .the correctness of calibration of an instrument or measurement syste
NOTE Se¢ A4.2.34.

4 Test canditions

4.1 Test conditions common to cigarettes and filter rods

411 General

lard for pressure drop measurement systems which is calibrated under{standard ambient

ing of

similar

tion of

m

The test conditions shall be constant and in agreement with the conditions under which the calibration was
performed (see Clause 5).

NOTE

those described by ISO 3402.

4.1.2 Air flow

The air flow shall be from the input end in the standard direction of flow (see 3.5).

The use of transfer standards for calibration enables measurements to be made under test conditions outside

© 1S0O 2011 — All rights reserved
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4.1.3 Position

The position of the test piece may be either horizontal or vertical, but products with cavities containing loose-
fill material shall be positioned vertically.

4.2 Conditions particular to cigarettes — Insertion of the test piece

The output end of the test piece shall be inserted into a measurement device encapsulated to a depth of
approximately 9 mm.

NOTE The intention is to achieve a good seal while not occluding any ventilation holes.

4.3 |Conditions particular to filter rods — Encapsulation

The test piece shall be completely encapsulated in a measuring device so that no aif-can pasgs through the
filter rpd wrapping.

5

nstrument calibration
The instrument shall be calibrated before normal testing using transfer standards. This shall be|done at least
once |per day. The calibration shall be carried out in accordaneé with the instrument manufacturer's
instrugtions.

The instrument shall be recalibrated if the atmospheric conditions'change by more than 2 °C for temperature,
or by pnore than 5 % for relative humidity.

Each falibration of the instrument shall be recorded for latér reference.

NOTE|1 To obtain the best accuracy, calibrate the instrument as close as possible to its full-scale deflection or at the
maximum point of the range of values of the products t0 be tested.

NOTE|2 To check for air leaks that mightshave occurred during the calibration and to check the [linearity of the
measuring system, at least one intermediate.value pressure drop standard should be used in order to obtgin a mid-scale
value.

NOTE[3 In addition to the mid-seale value, a calibration check can be made with a pressure drop stanflard that has a
nominal pressure drop value close ‘te'the draw resistance or pressure drop of the test pieces to be measured.

6 PRrocedure

6.1 [Conditions common to vacuum and pressure instruments

Recond deétails of the instrument type and configuration, including measurement settling time, [if this can be
deterrined (see 6.2 and 6.3).

Insert the test piece (either manually or automatically) into the measuring device of the instrument. Read the
value of the draw resistance or pressure drop and record it.

6.2 Conditions particular to vacuum instruments

Before reading the draw resistance or pressure drop, leave the test piece in the measuring device until the
reading is steady.

NOTE Practice has shown that a settling time of 4 s to 6 s is normally sufficient.

© 1SO 2011 — All rights reserved 3
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6.3 Condit

11(E)

ions particular to pressure instruments (for filter rods only)

Determine the required settling time depending on the draw resistance of the test piece and the type of
instrument. The reading for pressure drop shall be recorded at a constant time after the insertion of the test

piece.

NOTE For the particular conditions described in 6.2 and 6.3, practice has shown that for low draw resistance or
pressure drop, i.e. below 2 000 Pa (or about 200 mmWG), a settling time of 2 s to 3 s is sufficient, while for higher draw
resistances or pressure drop, i.e. above 4 000 Pa (or about 400 mmWG), a settling time of 4 s to 6 s is required.

7 Expression of results

The expressiq

of laboratory precision.

Express the results as follows:

— individua
nearest 1

— average pnd standard deviation of the draw resistance or pressure drop of a sample, rounded

nearest 1

8 Precisi

8.1 Interlaporatory test

Details of an

derived from this interlaboratory test might not be applicable to values and matrices other than those giv¢

8.2 Repeatability

The absolute
test material i
time will, in nq
for filter rods.

n of the laboratory results depends on the purpose for which the data are required and'thg

draw resistance or pressure drop of a test piece, rounded to the nearest 10 Pa (or
mmWG);

Pa (or to the nearest 0,1 mmWG).

DN

interlaboratory test on the precision of*the method are summarized in Annex B. The

difference between two independent single results, obtained using the same method on id
h the same laboratory by'the same operator using the same equipment within a short inte
t more than 5 % of gases, be greater than the values given in Table 1 for cigarettes and T|

Table 1 — Cigarettes

Repeatability limit, »
Pa mmWG

b level

to the

to the

alues

entical
rval of
able 2

T=23 T=2,9

Table 2 — Filter rods

Repeatability limit, »
Pa mmWG
r=0,007 x m r=0,007 x m
NOTE m is the mean value of the pressure drop, expressed in pascals (Pa) (or in mmWG).

© 1S0O 2011 — All rights reserved
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The absolute difference between two single test results, obtained using the same method on identical test
material in different laboratories with different operators using different equipment will, in not more than 5 % of

cases, be greater than the values given in Table 3 for cigarettes and Table 4 for filter rods.

Table 3 — Cigarettes

Reproducibility limit, R

Pa mmWG
R=157 R=58
Table 4 — Filter rods
Reproducibility limit, R
Pa mmWG
R=0,023 xm R=0,023% m
NOTE m is the mean value of the pressure drop, expressed in pascals,(Pa) (or in mmWG).

9 Testreport

The tgst report shall show the method, instrument and instrufment configuration used.

It shall also mention any operating conditions not specified in this International Standard off regarded as
optional, as well as any circumstances that might have influenced the results.

The test report shall include all details required for the complete identification of the sample anpd the results

obtained.

It shall mention, in particular, the following information:

— product name or identification;

|
(o}

hte of sampling;

— dpte of test;

— type of insfrument used, instrument configuration or settling time;

— regsults;

— total number of test pieces tested,;

— room temperature in degrees Celsius (°C) during testing;

— relative humidity in percentage (RH %) during testing;

— atmospheric pressure.

© 1SO 2011 — All rights reserved
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Annex A
(normative)

Calibration of pressure drop transfer standards

A.1 Essential properties of calibration standards

NOTE A

Pressure dro
measuring in
cigarette filter|

The certified
formula that
(given as 22 1

Lincertainty values quoted in this annex are given at 95 % confidence level.

p transfer standards have defined pressure drop values, which can be used)to ca
struments for the determination of the draw resistance of cigarettes and pressure d
rods.

alue of the pressure drop standard is the calibrated value adjusted by means of a compen
normalises the calibrated value to standard ambient conditions in acCérdance with ISO
C, 60 % RH and 86 kPa to 106 kPa).

The derivation of this compensation formula is given in A.4.6.

A.2 Essen
Although diffe
with 10 capill
in A.4.6 and
Other values
of different co

Pressure drof

They sha
They sha

The airfld

tial properties of pressure drop transfer standards

rent types of pressure drop standards are available; this annex refers specifically to star
bries and made from glass. In particular, the'application of the compensation formulae
ne values of repeatability and reproducibility. quoted are specific to glass multicapillary stan
of repeatability and reproducibility and other compensations might be appropriate for star
hstruction.

transfer standards shall exhibit the following properties.

They shgll be made of a chemically.inert material which is unaffected by use or ageing.

Il closely resemble the.physical size and shape of a filter rod or cigarette.
Il have defined@nd’repeatable values within stated confidence limits.

w through-the pressure drop standard shall be laminar and shall have repeatable measur|

characteristics.

The leve

of uncertainty of the certified value of pressure drop transfer standards shall not exceed

ibrate
rop of

sation
3402,

dards
given
dards.
dards

ement

I % of

its absolu

tevalue
oY 2HUS-

A.3 Calibration apparatus

A.3.1

Holder for standard under test

To determine the pressure drop of a glass multicapillary transfer standard, it shall be placed in a holder, the
mechanical arrangement of which shall not modify the characteristics of the standard, nor create any
systematic influences upon the calibrated value. The essential qualities of a typical arrangement are illustrated

in Figure A.1.

© 1S0O 2011 — All rights reserved
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A.3.2

A.3.2]

A voly
meas

[T |
. b p View on "Y” .
! r;:::ﬂ::m;’i When the glass multicapillary |
. taoping point reference standard is inserted the .
! pping p capillaries shall not be obscured |
by the 6,5 mm bore size.

| TR :
. 10_><_Ymm Guooo\ |
. minimum o o .
| N2/ |
[ M | Y

. Material with low - |
i thermal inertia |

. |
i r &a View "y { Glass multicapillary standard :
- |
I \ l

CATTTTOW CONTecuornt

| to in-line volumetric |
: airflow measurement
| system

Measurement of testing atmosphere: .
e Temperature; j
e Relative humidity;
e Atmospheric pressure. |

| The shoulder « Insertion Stop » for
. glass multicapillary standard I
| shall not obscure capillaries

. Sealing mechanism to'efisure
| an airtight connection,between
. the holder and.the standard |

i F Draught screen enclosure undertést .
I |

Figure A.1 — Essential qualities of calibration device

Determination of volumetric flow

1 General

metric flow measurement device (VFMD) that-does not generate any systematic influeng
iIrement is used to determine the time takén for a volume displacement of air to be draw

standard under test.

The V]

NOTE

Two €

A.3.2)

This
a preg

A.3.2]

FMD shall have a maximum uncertainty of 0,3 % of indicated volume.
Refer to ISO 5725-1 for information on specified limits of uncertainty.

xamples of volumetric flow'measurement devices are described in A.3.2.2 and A.3.2.3.

2 Piston driven

evice takesithie form of a precision bore cylinder, inside which a piston is moved at a consg
ision motonto draw a constant volumetric flow through the standard under test from atmos

3 “Vacuum driven

e on the flow
n through the

tant speed by
bhere.

This device takes the form of a precision bore cylinder with a free moving piston which is moved vertically
upward by the application of a separate suction source applied to the outflow of the cylinder. This apparatus
has sensors that monitor the movement of the piston to allow a precise measurement of the time to displace a
known volume of air, which has been drawn through the standard under test from atmosphere and which
collects under the piston.

A3.2.

4 Measurement of air temperature, relative humidity and atmospheric pressure

The temperature and relative humidity of the measurement air shall be measured at a point in close proximity
to the air entering the standard, within the confines of the draught screen enclosing the standard under test.

The atmospheric pressure measurement shall be made within the testing environment and recorded at the

same

time as the temperature and relative humidity measurements.

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=c16991ac966a83fecad63acd2a8749da

ISO 6565:2011(E)

The temperature measurement shall have a maximum uncertainty of 0,3 °C.
The relative humidity measurement shall have a maximum uncertainty of 5 %.
The atmospheric pressure measurement shall have a maximum uncertainty of 100 Pa.

NOTE See ISO 5725-1 for further information on limits of uncertainty.

A.3.3 Pressure measurement system

A differential pressure measurement system shall be connected to the tapprng pornt of the holder to measure
the pressure diffe v ' . v andard is
traversed by t

e controlled alrflow under steady condltlons
This pressure] difference shall be measured and recorded.

The pressure|measurement system shall have a maximum uncertainty of 0,2 % of the measured value.

A.3.4 Suctipn source

A suction soufce, as described in 3.2, capable of drawing a constant volumetric aitflow, shall be placed|in line
with a VFMD which is, in turn, connected to the exit flow connection of the holder.

A typical arrapgement of the calibration apparatus is illustrated in Figure:A.2.

ISO 3402
Atmosphere

Measurement of .
| ° testing .
: e  Temperature I
| e %RH
. e  Atm. pressure I

! PD standard |
| ‘ |

i Holder for standard

Volumetric flow
measurement device

Draughtscreen

enclosure to protect
against local air
perturbations.

Suction source
(if required)

Pressure
measurement
system

Figure A.2 — Typical arrangement of calibration apparatus

Soap bubble flow meters shall not be used for the calibration of pressure drop transfer standards. These
devices increase the moisture content of the measurement air, causing increased volumetric flow and
decreased velocity.

8 © 1SO 2011 — All rights reserved
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A.4 Calibration procedure

A.41

A.4A1.

A41.

NOTE

Cleaning of standards

1 General

565:2011(E)

1.1  Before calibration, all standards shall be cleaned by immersion in an ultrasonic bath containing a
solution of distilled water and 5 % non-ionic surfactant solvent.

Two examples of non-ionic surfactant solvents are Igepal CO 630° (Nonylphenol Ethoxylate) and Branson
GP® concentrated cleaning formula™).

A.4.1)
time ¢
with t

contamination of the capillaries.

A4
conta
time o

A.41)
capille

A.4.2

A.4.2,

Meas
appar

A.4.2,
The ¢
atmosg
any n

A4.2]

A.4.2)

1.2 The standards shall be submerged in the cleaning vessel in the cleaning solution fi
f 10 min with their longitudinal axis between 10° and 20° from vertical. This ensures thz
he floor of the cleaning vessel will be on the edge of the standard, thereby(avoiding

1.3  Following the cleaning process the standards shall be submerged @nd rinsed in an
ning pure distilled or deionised water (free from dissolved salts and-6ther compounds) f
f 5 min.

ries and the possibility of the ingress of contamination is minimised.
Pre-calibration procedures

1 General

irements shall be conducted in a testing atmosphere in accordance with 1ISO 3402 and f{
htus shall be configured in accordance with the arrangement illustrated in Figure A.1.

2 Equilibration of standards
plibration apparatus and presstire drop transfer standards awaiting tests shall be left open

easurements are undertaken.
3 Apparatus leakage test and measurement integrity check

3.1 General

Adu
the r;:Easurement system, according to A.4.2.3.2 for vacuum driven systems or A.4.2.3.3 for
systers.

Or a minimum
t any contact
any possible

ltrasonic bath
Dr @ minimum

1.4 The standards shall then be dried, ensuring that ng vesidual water deposits flemain in the

he calibration

to the testing

phere for a minimum of 12 h-to ensure equilibrium with the testing atmosphere has been reached before

my standard shall be installed in the holder and a leakage test shall be performed to test {he integrity of

piston driven

The leakage test shall precede any calibration or series of calibrations and shall be performed once on each

day th

at calibration takes place.

1) Igepal CO 630° (Nonylphenol Ethoxylate) and Branson GP® are examples of suitable products available commercially.
This information is given for the convenience of users of this International Standard and does not constitute an
endorsement by ISO of these products.
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A4232 P

rocedure for vacuum driven systems

Perform the following procedure for vacuum driven systems.

the VFMD and its upstream end free to atmosphere.

pressure underneath the piston and at the exit end of the standard.

nd the outlet port of the VEMD shall be vented to atmosphere

A dummy standard shall be installed in the calibration holder with its downstream exit end connected to

The system shall be operated by application of a vacuum to the outlet port of the VFMD to create a

When the piston reaches the middle of the VFMD, the dummy standard shall have its atmospheric end

a)
b)
negative
c)
capped
d) After allg
be obsery
greater th
e) The mon
equation
tM =
where
Ap
o
av,
For example,

required, duri
nominal cylin
be 3 min.

A.423.3 P

wing sufficient time for the VFMD piston to become stationary (minimum 30 s), any leaka
ved by monitoring the position and stability of the piston for a period of time to detect’any
an 1,5 ml/min.

toring time (z,;) for 1 mm movement of the piston required can be calculated using the fol

s the cross-section, expressed in square centimetré§ (cm?2), of the piston;
s the distance of displacement of the piston, i.€-0,1 cm;

s the volume flow rate, expressed in millilitres per minute, of the minimum acceptablg
.. 1,5 ml/min.

for a VFMD with a nominal cylinder diameter of 44,5 mm, a minimum monitoring time of 1

hg which time any movement of the piston level shall be less than 1 mm. For a VFMD
ler diameter of 76,2 mmthe equivalent leakage detection time for a 1 mm displacement

rocedure for piston driven systems

Perform the following procedure for piston driven systems.

a) A dummy

the VFML

standard shall be installed in the calibration holder with its downstream exit end conned
D and its upstream end sealed from atmosphere.

e will
leaks

owing

leak,

min is
with a
would

ted to

b)

of 2,8 kPa to 3,2 kPa shall be applied.

c)

measured and shall not exceed 1,5 ml/min.

A.4.2.3.4 Monitor reference standards

The VFMD system shall be set to a dead volume of 1 000 ml = 100 ml. A negative pressure in the range

After allowing sufficient time for the pressure to reach a stable value, the leakage volume shall be

The calibration laboratory shall maintain a set of reference standards to be used as calibration monitors, which
shall be measured each day that the calibration laboratory is conducting measurements. The set of reference
standards shall consist of a minimum of two standards of different pressure drop levels and which covers the
range of pressure drop measurements to be carried out.

10
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A log shall be maintained of the measured values of monitor reference standards together with the operator
identity and all ambient conditions at the time of test.

NOTE ISO 8258 and ISO 7870-1 give graphical methods for monitoring long-term measurement process stability.

If the measurements of the monitor reference standards are within the normal declared limits of uncertainty,
then the calibration apparatus shall be deemed fit for use.

If the measurements of the monitor reference standards are outside the normal declared limits of uncertainty,
then the apparatus should be checked for leaks or measurement errors, or both.

The monitor reference standards shall be rechecked following any remedial work

A.4.3| Calibration method — Measurement procedure

A4.31 This method describes a measurement procedure that generates a pressure drgp across the
standard under test proportional to the nominal 17,5 ml/s flow traversing it.

A4.32 Measurement air, drawn from atmosphere through the standard under test shall be grawn through
the syjstem for a minimum of 5 min prior to measurement to ensure thermal equilibrium.

A4.38 The air temperature and relative humidity of the testing.@tmosphere within the dfraught screen
enclosure containing the standard under test shall be measured tegether with atmospheric presgure and shall
be reqorded for application in the compensation formula.

A.4.34 A stabilised volumetric flow of nominally 17,5 ml/s (17,5 + 0,3) ml/s shall be establjshed through
the VEMD and drawn through the standard under test.

A4.3 The static differential pressure between the exit of the standard and atmosphere shall be
monitpred and recorded throughout the time of the stabilised volumetric flow measurement.

A4.3 One reading of pressure is the @verage of at least three contiguous repeat measurgments of the
differgntial pressure, recorded during the elapsed time of the stabilised volumetric flow.

A4.3 The compensation formula (A.4.6) shall be applied to the pressure reading to phormalise the
calibrated value of the pressure‘drop transfer standard to standard ambient conditions of 22 [C, 60 % RH,
atmosgpheric pressure of 1 013 hPa and a flow rate of 17,5 ml/s.

A4.3 Steps A.4.3:2.10 A.4.3.7 shall be repeated a further two times. The compensated pressure drop
value |of the pressuredrop transfer standard shall be recorded as the mean of the three repligate values of
normglised pressure’drop.

The qalibrated\value of the standard, rounded to the nearest 10 Pa (1 mm WG), shall be reforded on an
accompanying calibration certificate and may be inscribed on the pressure drop transfer gtandard. The
pressiire’drop transfer standard shall be inscribed with a unique reference identification number.

A.4.4 Certification

Each standard shall be supplied with a certificate of calibration, which shall contain the following minimum
information:

a) compensated pressure product name and unique reference number;
b) date of test;
c) operator reference;

d) description of testing apparatus and traceable reference serial numbers of all measurement equipment;
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e) temperature of testing atmosphere in degrees Celsius (°C) during testing;

f)  relative humidity in percentage (RH %) during testing;

g) atmospheric pressure in hectopascals (hPa) or megabar (mbar) during testing;
h) drop calibration value;

i) calculated degree of non-linearity of the standard (see A.4.6);

j) limits of uncertainty of measurement;

k) any observation during time of testing.

A.4.5 Precision and accuracy

During the dejvelopment of this calibration method, an inter-laboratory trial was made between the suppljers of
calibration stgndards. Four sets of pressure drop transfer standards were used in this~study, each consisting
of four standards, one each of nominal value 200 mm WG, 400 mm WG, 600 mimyWG and 800 mpn WG
respectively. Each laboratory measured each set of standards using the method.described in this anngx, all
measuremen{s on one set of standards being completed in one day. The meastrements were then regeated
on three other days to give a total of four days' measurements.

This gave the|results shown in Table A.1.

Table A.1 — Precision results

Nominal Reproducibility Repeatability
Pp standard deviation standard deviation
Pa (mmWG) Pa (MMWG) Pa (mmWG)
1961 200 4,217 0,43 2,059 0,21
3922 400 9,414 0,96 3,236 0,33
5884 600 M,572 1,18 4,315 0,44
7 845 800 17,946 1,83 4,707 0,48

The above infer-laboratory trial.involved only three laboratories, there being only three competent laboratories
known at pregent. Thus, the_réproducibility and repeatability standard deviations are quoted rather than the
repeatability gnd reprodutibility figures, since the trial did not meet all of the criteria set out in ISO 5725 for the
assessment gf measurement methods. This should be taken into account when comparing these figurgs with
those for othgr methods.

To ensure that the practised methods and procedures do not diverge from the standard, it is recommpended
that calibration laboratories take part in annual collaborative studies. To this end, the above figures, and those
obtained from future studies, may be used to assess laboratory competence.

A.4.6 Description of the compensation process

The compensation process is described in detail in Reference [10]. This compensation has been validated for
the most commonly used pressure drop standards composed of ten parallel capillary tubes, the structure
being made of glass. A short description of the compensation process is given below.

Pressure drop (pp) values are influenced by the ambient conditions during calibration, i.e. by temperature, 7,
and relative humidity, RH, of air, and atmospheric pressure, p,;,,- One way of reducing the influence of these
ambient factors is to apply compensation. A suitable compensation formula can be derived by considering the
effects of ambient conditions on the basic characteristics of the measurement air. When calibrating pp

12 © 1SO 2011 — Al rights reserved
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standards, the objective of the compensation formula is the calculation of a pressure drop value, ppg, at
standard ambient conditions (7g =22 °C, RHg =60 %, pg = 1013 hPa, outlet airflow g5 = 17,5 ml/s) from pp
measurements, undertaken at different conditions (7, RH, pm, ¢)-

pp can be approximated to a sum of two values pps and pp,, ppq being characteristic of the non linear

behav

iour of the standard and pp, of the linear behaviour.

A degree of non-linearity, x, can then be defined such as:

Pp1=X*Pp

P2 =(1-x)x pp

(A1)

The v

It can
and p

=

where

f

By

p

After
then &

hlue of x has been experimentally determined over the pp range from 200 mm WG to 800 n

=3,41x1075 x pp + 3,38 x 1072

be shown that the compensated pp value can be derived from the two following equatior]
hog are the unknown parameters:

ng xTg

I%ZS_(I’S_PD1S)XPDZS+ ><(patm_l’D)xpD2 =0

Ps XTSZ 2
> % pp1*(Patm.=b1)” =0

3 2 2 2
D1S —4XPS*PD1S + PS X PD1S ~
pxT

h1s and pp,og  are the compensated values of pn4 and pp,, in millimetres water gauge (mr
pand p are the air viscosity.and density respectively during the calibration;

5 and pg are the air viscosity and density respectively at the standard ambient condit]
and Tg is the temperature, expressed in kelvin (K);

Ltm and pg is.the atmospheric pressure, expressed in millimetres water gauge (mmWG

esolving these equations, the standard pp value with an outlet volumetric airflow of 17,
pproximated by:

hm WG:

(A.2)

s where ppg

(A.3)

(A.4)

nWG);

ons;

).

b ml/s can be

[ 175 7 [ 175 ]

P

where

0

PSINS TIPS P10 (psTspos)] O | 0(psiTs pos)]

is the volumetric flow, expressed in millilitres per second.
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Annex B
(informative)

Results of an interlaboratory trial

B.1 Number of laboratories and test samples

An internatio
cigarettes an
obtained werg
in Tables B.3

Procedures u

B.2 Select]

The cigarette
samples wereg
mass, and on

The values o
reflect the var

The filter rod
differ by a m
reproducibility

B.3 Condi

Before measy

temperat

— relative h
For each ms
repetition of t
of time. In all

hal collaborative test involving 21 laboratories, which tested six different types (leve

subjected to statistical analysis in accordance with ISO 57252) to give the precision data
and B.4.

5ed in this study and the results are described below.

jon of samples

samples used were supplied to the participants by different/cigarette manufacturers.
taken straight from production without any special pre-selection, some were selected fq
e sample was selected for mass and for draw resistance;

btained for repeatability and reproducibility limits in<the case of cigarettes therefore will ng
ability in the measuring procedure but also the variability of the product.

samples were all carefully selected for pressure drop. Each individual test piece was allov

bximum of + 1,5 % from the total mean value for each level. The results for repeatabili
limits therefore will mainly reflect the variability of the measuring procedure.

lions used for the test

ring, the samples were-conditioned for at least 24 h under the following conditions:
bre: (22 + 2) °C;
umidity: (60 £5) %.

ne testrusing 30 different test pieces from the same sample was carried out after a short
cases this was done on the same day.

Is) of

j six different types (levels) of filter rods was carried out in 1994 by CORESTA. The fesults

shown

Some
r total

t only

ved to
y and

asurement; 30 readings were taken, i.e. 30 randomly selected test pieces were tesfed. A

beriod

Although the individual samples could have been tested on different days, most laboratories carried out the
tests on the same day.

B.4 Conditioning of the samples

As mentioned above, the laboratories were asked to condition the samples at (22 + 2) °C and (60 + 5) % RH
for at least 24 h before measurements. This is certainly not production floor practice but it has been found to

be necessary

to reduce the variation of the samples.

2)

14

ISO 5725:1986 (now withdrawn) was used to obtain the precision data.
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The actual conditions reported by the laboratories ranged from 21 °C to 23,5 °C and from 59 % RH to 66 %
RH for cigarettes. Only one laboratory exceeded slightly the maximum value for relative humidity, although not

to the

extent that the results of this laboratory were affected in any way.

For filter rods, the conditions ranged from 20 °C to 23,5 °C and from 57 % RH to 63 % RH.

B.5 Conditions during measurements

No specific requirements were made in the test protocol for the ambient conditions during the measurement of
the samples.

The a

ctual ambient conditions observed and reported are given in Table B.1.

Table B.1 — Actual conditions observed

Temperature Relative humidity Atmospheric pressure
°C % hRa
Cigargttes 21,510 26,5 42 to 64 847 to|1 019
Filter fods 21,5t024,5 42,5 1062 847 to[1 025
The afmospheric pressures correspond approximately to locations.from sea level to 1 800 m above sea level.

B.6

The

They

Figurg

(Pa) (and in mmWG) in Table B.3.

vere calculated as described in ISO'5725:1986, 14.7.

Repeatability and reproducibility limits.for the testing of cigarettes

alues for pp (mean draw resistance), r (repeatability limit), and R (reproducibility limit
pascals

B.1 shows that there is no evident correlation between the values for r and R and the me4

are given in

n levels pp.
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Figure B.1 — Relationship between r or R and pp, (for cigarettes)

Table B.2 — Final values determined for r and R

Final values

Pa (mmWG)
r=23 r=2,3
R=57 R=5,8

NOTE These values are valid for a'draw resistance range of 400 Pa (40 mmWG) to 1 300 Pa (130 mmWG).

Table B.3 — Computed rotunded values for mean draw resistance (pp), repeatability limit () and
reproducibility limit (R) for cigarettes

Pa (mmWG)| Pa |(mmWG) Pa (mMMmWG) Pa (mmWG) Pa (mmMWG)
1 19 440,81 4495 | 6,57 0,67 22,45 2,29 56,89 5,80 66,10 6,74
2 17 696,56 71,03 | 2,65 0,27 14,21 1,45 43,75 4,46 57,96 5,91
3 17 792,57 80,82 | 3,64 0,37 16,76 1,71 21,53 2,20 40,70 4,15
4 18 1059,51 | 108,04 | 3,08 0,31 15,39 1,57 17,98 1,83 37,17 3,79
5 19 124466 | 126,92 | 13,67 1,39 32,46 3,31 55,16 5,62 65,12 6,64
6 19 1276,93 | 130,21 | 15,69 1,60 34,72 3,54 70,20 7,16 73,45 7,49
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