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Cigarettes and filter rods — Determination of nominal diameter —
Method using a laser beam measuring apparatus

1 Sco

This Intern
the mean,
section. Th

NOTE1 A
determinatiag
annex C.

NOTE 2 Fq
multiplying t

2 Nor

The follow

pe
htional Standard specifies a non-contact, scanning laser beam method-0f gauging for de
minimum and maximum diameters and the ovality of rod-shaped objects with a circular
e method is applicable, in particular, to cigarettes and filter rods.

ternative tape gauge and pneumatic balancing orifice measurément techniques are still wide
n of nominal diameters for cigarettes and filter rods. These altefrnative measurement techniques a

r laboratories using the circumference value instead 6f‘\the diameter, the circumference value i
ne diameter by pi (7).

mative reference

ng standard contains provisions \which, through reference in this text, constitute prov

termination of
br oval cross-

y used in the
e discussed in

5 calculated by

isions of this

Internationgl Standard. At the time of publication, the edition indicated was valid. All standards are subject to

revision, a

possibility ¢f applying the most recent,edition of the standard indicated below. Members of IEC and

registers of

ISO 3402:1

3

For the pur|

Definitions

nd parties to agreements based on this International Standard are encouraged to i
currently valid International Standards.

991, Tobacco and-tobacco products — Atmosphere for conditioning and testing.

poses 'of this International Standard, the following definitions apply.

vestigate the
ISO maintain

3.1
diameter

arithmetic mean value of a minimum of n readings (n = 100) performed on a test piece following the method

specified in
NOTE The

3.2
minimum d

this International Standard

diameter is valid as a parameter for rod-like test pieces with a nearly circular cross-section.

iameter

minimum value obtained from the results of n individual readings performed on a test piece
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3.3
maximum dia

meter

maximum value obtained from the results of n individual readings performed on a test piece

3.4

absolute ovality

expression of

NOTE
individual readi

3.5
relative ovality
ratio of the ar

NOTE 1 Relati

NOTE 2 Cauti
affected by the

4 Princi

Using the apg

or full (360°) fotation, with a constant angular (rotational) speed. Simultaneously, the laser beam moves

itself, with cor
piece.

The intersecti

An individual
the axis of the

This principle
5 Appar
51 Samy
5.2 Scan

5.2.1 Scan
determination

the out-of-roundness of a rod-like test piece with an oval cross-section

ngs.

©1SO

It can be obtained from the arithmetic difference between the maximum and minimum diameters obtained from n

thmetic difference between the absolute ovality and the diameter calculated from n individu
e ovality is expressed as a percentage.

bn should be exercised in interpreting maximum diameters, absolute ovality and relative ovality as f
quality of the gum line (raised laps), generating artificially high individual diameter«eddings.
Dle

ropriate device of the apparatus, the test piece is rotated areund its longitudinal axis, for g

stant speed, in a plane (called the scan path) which is_perpendicular to the longitudinal axi

bn of the scan path with the test piece is a crosszsection of the test piece.

reading is the measured length of the orthogonal projection of this cross-section on a plan
test piece.

is illustrated in figure 1.

atus

le conditioning enclésure , capable of maintaining the conditions given in ISO 3402.
ning laser beam\measuring apparatus,  consisting of the following.

ning lasér Jbeam measuring instrument, having a resolution of at least 0,005 m
of the.diameter of rod-like test pieces with a nearly circular cross-section.

The scanning

bl readings

hese can be

half (180°)
, parallel to
5 of the test

b parallel to

m, for the

velocity of the laser shall be such that no eccentric motion of the test piece parallel to the

ongitudinal

axis, within the measurement area, shall affect the accuracy of the measurement of mean diameter.

The ratio between the scanning rate of the laser beam apparatus and the rotational speed of the test piece shall be
constant and high enough to ensure that the measured diameter, as well as the minimum and maximum values,
shall be determined with sufficient accuracy, in spite of possible ovality of the test piece.

The length of the scan path shall be at least 50 % greater than the maximum diameter to be measured and the test
piece shall be scanned a minimum of 100 times by the laser beam during a half (180°) or full (360°) rotation.

5.2.2

Apparatus or fixture for rotating the test piece

in the scan path of the laser beam or to rotate the scan

path of the laser around the test piece while maintaining the longitudinal axis of the test piece perpendicular to the

scan path.
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Key

Redeiving element
Corjverging lens
Test piece
Megsurement area
Collimator lens
Scanning mirror

to 8 Scghn path
Scan centreline

0 Measurement line

Laspr beam

P O~NOULA WNPRE

BN
[N

NOTE For|a single-axis scanner, the measurement area surrounds an ideal location found at the intefsection of the
measuremeft line and the scan centreline. Best aceuracy is achieved when the test piece is within the measurerent area.

Figure 1 — Diagram-of a single-axis (laser scanner) gauging system

6 Sgmpling
Take a stafjstically representative sample of the population of test pieces to be characterized.

Samples shall bé free of obvious visible defects which may impair measurement performance.

7 Proeedure

7.1 Preparation of test pieces

Select at random, from the sample taken in accordance with clause 6, the number of test pieces required for the
test.

Condition the test pieces, prior to measurement, in a conditioning enclosure in accordance with ISO 3402.
The times required for the curing of filter rods and the duration of conditioning for both filter rods and cigarettes are

not specified in this International Standard and are to be determined by practical experience. They shall be reported
in the test report together with the results.
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7.2 Calib

ration

©1SO

Working standards are routinely used to calibrate or check the calibration of the laser scanning system. Calibration
shall be performed with a minimum of two standards, differing in size by at least 25 % of the measurement range of
the instrument, and of dimensions known to accuracies beyond those required for measurement.

The sizes of the test pieces to be measured shall be within the range of those of the calibration standards.

NOTE 1 One intermediate standard can be used on a routine check; its diameter should be near to that of the test piece.

NOTE 2 Thee

ssential properties of calibration standards are given in annex A.

7.3 Meas

In accordance
possible to th

The test piec
motion of the
longitudinal &

Adjust the ins
test piece.

Operate the
minimum and

At least 10 te
the sample.

NOTE 1 In {
measurement.

NOTE 2 Itisp
NOTE 3 Possi

NOTE 4 Whe
diameter has b

8 EXpr

urement

with the manufacturer’s instructions, position the test piece within the measurement area,
b intersection of the scan centreline and the measurement line.

b, or the scanner, shall be capable of being rotated around the rotation (axis such that an
test piece, relative to the scan path, remains in parallel with the scanpath and perpendi
is of the test piece.

trument and/or feeding and rotational apparatus for the scan-path to scan the required se
apparatus in accordance with the manufacturer’'s instructions and accurately record

maximum diameters.

5t pieces from one sample should normally be'tsed to determine the mean value of the ¢

ractice, laboratories often take a different number of measurements depending on the applid

Dssible to have either a rotation of the laser beam around the object or a rotation of the object in the
ble sources of error in measurement of diameter are given in annex B.

n using old laser beam measuring apparatus, an effect of the roughness of the surface on th
ben observed (porous plug wrap), which may distort the results by a slight excess.

ession.6f results

The value of Tue Sample mean diameter shall be the mean value of the individual measurements. See 7.3.

As close as

y eccentric
Cular to the

ction of the

the mean,

iameter for

ation of the

aser beam.

e measured

The diameter of individual samples (of rod-like test pieces with a nearly circular cross-section) shall be expressed in

millimetres to

the nearest 0,01 mm.

The results shall be expressed as follows:

a)

nearest 0,01 mm;

b)

7.3), is expressed in millimetres to the nearest 0,001 mm;

c)

millimetres to the nearest 0,01 mm;

diameter, the arithmetic average of at least 100 individual readings scans, is expressed in millimetres to the

sample mean diameter, the average of x diameter measurements (X is normally 10 but may vary; see note 1 in

sample maximum diameter, the maximum diameter obtained from a sample of x test pieces, is expressed in
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d)

ISO 2

millimetres to the nearest 0,01 mm;

e)

9

9.1

absolute ovality is expressed in millimetres to the nearest 0,01 mm;

relative ovality is expressed as a percentage to the nearest 0,1 %.

Precision

Interlaboratory test

An internarlonal collaborative study involving eight laboratories was conducted in 1990 on matched

rods, metal rods, cigarettes) of diameter approximately 7,9 mm, and gave the following values.fab rep
(r) and repfoducibility limit (R).
9.2 Rgpeatability
The differepce between two single results found on matched cigarettes or filter-red’samples, by one ¢
the same gpparatus within the shortest feasible time interval, will exceed the fepeatability limit (r) o
more than pnce in 20 cases in the normal and correct operation of the methad.

Single measurements: r =0,028 mm

S = 0,01 mm
Mean values from 10 repeated measurements r =0,012mm
per sample (on one day of test): S = 0,0042 mm

9.3 Rgproducibility
Single resylts on matched cigarettes or filterfrod samples reported by two laboratories will differ by
reproducibility limit (R) on average not more than once in 20 cases in the normal and correct op
method.
Single measurements: R =0,042 mm
sp = 0,015 mm
Mean vajues from 10 repeated measurements
per sample (on one day of test): R =0,038 mm
sp = 0,014 mm

10 Te

971:1998(E)

sample minimum diameter, the minimum diameter obtained from a sample of x test pieces, is expressed in

samples (filter
eatability limit

perator using
h average not

more than the
pration of the

streport

The test report shall indicate the method used and the results obtained. It shall also mention any operating
conditions not specified in this International Standard, or regarded as optional, as well as any circumstances that
may have influenced the results.

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

Specifically the test report shall contain:

a)
b)

c)

date of sampling and sampling method;

date of measurement;

identification and full description of the samples tested, stating the properties (nature, size) of samples;


https://standardsiso.com/api/?name=9c4514f7875f21237ec1ed27a70dbfc0

1ISO 2971:1998(E) ©1S0

d) precise and full measuring conditions, particularly those deviating from the specifications of this International
Standard, and any events likely to have affected the results;

e) test atmosphere and duration of conditioning (see 7.1);
f)  results expressed in millimetres (diameter or circumference);
g) elementary statistics relative to results:

— number of measurements,

— mean and standard deviation values.
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Annex A
(normative)

Calibration standards

sential properties of calibration standards

Calibration standards are used to calibrate measuring instruments for the determination of the diameter (or
circumference) of cigarettes and filter rods.

The refere
average ro

The workir
laboratory

The workin
cross-secti

The calibrd
diameter of

A2 Pr

The calibrgtion and performance testing of instruments forzthe determination of the diameter of cigarg

rods should

hce calibration standard shall be a cylindrical metal rod with a ground surface finish ©f
Ighness and with a known and repeatable value of the diameter.

g calibration standard shall be calibrated against a traceable reference standard un
g calibration standard shall be checked for ovality by measuring the diameters of a min
bNns, situated near the middle and two ends respectively.

ition standards shall be inscribed with their measured value~guoted to a minimum ac
0,005 mm absolute and have a unique identification.

pcedure for calibration of instruments

be conducted in accordance with instrument-manufacturer’s instructions.

tonditions of 22 °C £ 5 °C. The thermal expansion coefficient of the material shall'be known|.

about 0,5 um

der standard

mum of three

curacy of the

pttes and filter
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Annex B
(informative)

Information on possible sources of measurement errror

B.1  Sources of measurement error

Optimal measurement conditions should be maintained by avoiding the following sources of measurement error:

a) selection|of test pieces that have raised seams (bad laps);

b) dust or pebris on the transmitter or receiver scan windows can produce incorrect measurements; the
instrumemt manufacturer's recommended cleaning procedure should be followed;

c) incorrect|placing of the test piece in the measurement area will produce measurement errors; thg test piece
should be¢ placed in the plane of, and at right angles to, the scanning beam; avoid-tilting the longitudinal axis of
the test piece in the vertical plane with respect to the scan path; the greater,thé object’s angle with the scan
path, the |greater the measurement error will be, as illustrated in figure B.1;

d) an eccentric movement of the cigarette may induce some measurement errors; these should bg limited, in
particulan for products with high ovality;

e) the use of different measuring areas may induce measurement'errors;

f)  some errprs may occur if the entire number of half-rotations’is not adhered to.

Key

Actual diameter
Scan path
Longitudinal axis
Measured diameter

A wWN P

Figure B.1 — lllustration of measurement error
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B.2 Error magnitude

01 g
Error= D -
0s6O 1H

where

D is the actual diameter;

6 is the angle of tilt by comparison with the scan path.



https://standardsiso.com/api/?name=9c4514f7875f21237ec1ed27a70dbfc0

