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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 Standards 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
Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies
casting a vote.

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

[SO 2971lwas 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 (SO 2971:199§), which has been technically

revised.
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Cigarettes and filter rods — Determination of nominal
diameter — Method using a non-contact optical
measuring apparatus

1 Scope

This International Standard specifies a non contact, optical method of gauging for determination of
the mean, minimum and maximum diameters and the ovality (or roundness) of rod-shaped objects
with a nominally circular or oval cross section that is convex curvilinear. The method is applicable, in
particular, to cigarettes and filter rods.

NOTE1 Non-contact measurement techniques are discussed in Annex D.

NOTE2  Alternative contact or pneumatic methods may be used but should be considered as secondary methods
and do not come within the scope of the standard. These alternative measurement techniques are discussed in Annex E.

2 Normative references

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

[SO 3402, Tobacco and tobacco products — Atmosphere for conditioning and testing

[SO 5725-2:1994), Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic
method for the determination of repeatability and reproducibility of a standard measurement method

3 Terms and definitions

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

3.1

diameter

arithmetical mean value of n apparent diameters measured on a test piece following the method specified
in this International Standard, which represents the diameter of a circle with the same circumference as
the perimeter of the sample being measured, provided that the boundary of its cross section is convex

Note 1 to entry: The result of the measurement can be affected by n, the number of readings taken.

3.2

convex cross section

a cross section where the straight line between any two points from the section is also included
within the section

3.3
perimeter
length of the line that is the boundary of the cross section

Note 1 to entry: Errors will exist in the estimated value of the perimeter if the sample is not circular. The error
will increase as the ovality increases.

3.4
circumference
perimeter of a circular cross section
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3.5
minimum diameter
minimum value obtained from the results of n individual readings performed on a test piece

3.6
maximum diameter
maximum value obtained from the results of n individual readings performed on a test piece

3.7

absolute ovality

expression of the out-of-roundness of a rod-like test piece, which is obtained from the arithmetic
difference between the maximum and minimum diameters obtained from n individual readings

3.8
relative ovality
ratio of the absolute ovality and the diameter, expressed as a percentage

39
relative roundness
100 minus relative ovality

Note 1 to entry: Caution should be exercised in interpreting maximum diameters, absolute ovality, relative ovality
and relative roundness as these can be affected by the quality of the gum line (raised laps) or other product
defects, generating erroneous individual readings.

4 Principle

The principle of measurement of the mean diameter of a shape having a convex cross section follows the
generalization of ‘Barbier’s Theorem’, which states that the mean diameter of a section is equal to the
arithmetic mean of the apparent (or projected) diameters of the section as it is rotated at equiangular
intervals in the field of view. It is required that the section is rotated by an integer multiple of 180°.

NOTE The principle is demonstrated in Annex B.1.

5 Apparatus
5.1 Sample conditioning enclosure, to be capable of maintaining the conditions given in [SO 3402,
5.2 Optical measuring apparatus, to consist of the following.

5.2.1 Optical measuring instrument

This must have an uncertainty of no more than 0,01 mm and be suitable for the determination of the
diameter of rod-like test pieces with a nearly circular cross section. A schematic diagram of such an
instrument is presented in Figure 1 and three different implementations are described in Annex D.

The scanning rate of the instrument shall be such that no eccentric motion of the test piece parallel to
the longitudinal axis, within the measurement area, shall affect the accuracy of the measurement of
mean diameter.

The ratio between the scanning rate of the 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, despite the possible ovality of the test piece.

The length of the scan path shall be sufficiently greater than the maximum diameter to be measured to
avoid errors due to test piece eccentricity. The test piece shall be scanned a minimum of 32 times during
a half-rotation (180°) or 64 times during a full (360°) rotation.

NOTE The rationale for the required number of scans is presented in Annex B.2. Docu ments
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5.2.2 Apparatus or fixture for rotating the test piece or scan path

This shall rotate the test piece within the measurement area or rotate the direction of view around the
test piece while maintaining the longitudinal axis of the test piece perpendicular to the measurement
area during a full 360° rotation.

A
(e}
<

test piece

test piece longitudinal axis and axis of rotation
plane of the measurement

measurement centreline

measurement area

test piece cross section

projection plane

0 NN O Ul AW N

apparent diameter (orthogonal projection or image) of the test piece cross section

Figure 1 — Diagram of a generic non-contact optical gauging system

6 Sampling
Take a statistically representative sample of the population of test pieces to be characterized.

Samples shall be free of obvious visible defects which may affect the measurement.

7 Procedure

7.1 Preparation of test pieces
Condition the test pieces, prior to measurement, in a conditioning enclosure in accordance with [SO 3402

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

for the test.
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