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National foreword

This Published Document reproduces verbatim ISO/TR 230-9:2005.

The UK participation in its preparation was entrusted to Technical Committee
MTE/1, Machine tools, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep UK
interests informed;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international publications referred to
in this document may be found in the BSI Catalogue under the section entitled
“International Standards Correspondence Index”, or by using the “Search”
facility of the BSI Electronic Catalogue or of British Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the ISO/TR title
page, pages 11 to 1v, a blank page, pages 1 to 24, an inside back cover and a
back cover.

The BSI copyright notice displayed in this document indicates when the
document was last issued.
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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.

In exceptional circumstances, when a technical committee has collected data of a different kind from that
which is normally published as an International Standard (“state of the art”, for example), it may decide by a
simple majority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informative in nature and does not have to be reviewed until the data it provides are considered to be no
longer valid or useful.

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/TR 230-9 was prepared by Technical Committee ISO/TC 39, Machine tools, Subcommittee SC 2, Test
conditions for metal cutting machine tools.

ISO 230 consists of the following parts, under the general title Test code for machine tools:

— Part 1: Geometric accuracy of machines operating under no-load or finishing conditions

— Part 2: Determination of accuracy and repeatability of positioning of numerically controlled axes

— Part 3: Determination of thermal effects

— Part 4: Circular tests for numerically controlled machine tools

— Part 5: Determination of the noise emissions

— Part 6: Determination of positioning accuracy on body and face diagonals (Diagonal displacement tests)
— Part 7: Geometric accuracy of axes of rotation

— Part 9: Estimation of measurement uncertainty for machine tool tests according to series ISO 230, basic
equations [Technical Report]

The following parts are under preparation:

— Part 8: Determination of vibration levels [Technical Report]
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Introduction

In this part of ISO 230 equations for the estimation of the measurement uncertainty are presented.

Annex C is the special annex for the estimation of the measurement uncertainty for [SO 230-2.
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Test code for machine tools —

Part 9:
Estimation of measurement uncertainty for machine tool tests
according to series ISO 230, basic equations

1 Scope

This part of 1SO 230 provides information on a possible estimation of measurement uncertainties for
measurements according to 1ISO 230.

The methods described here are aimed for practical use; therefore, standard uncertainties are mainly
evaluated by type B evaluation (see Clause 4 and GUM).

Other methods complying with GUM may be used.

2 Normative references

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.

S0 230-4—"1), Test code for machine tools — Part 2: Determination of accuracy and repeatability of
positioning numerically controlled axes

ISO/TR 16015:2003, Geometrical product specifications (GPS) — Systematic errors and contributions to
measurement uncertainty of length measurement due to thermal influences

ISO/TS 14253-2, Geometrical Product Specifications (GPS) — Inspection by measurement of workpieces and
measuring equipment — Part 2: Guide to the estimation of uncertainty in GPS measurement, in calibration of
measuring equipment and in product verification

Guide to the expression of certainty in measurement, (GUM). BIPM, IEC, IFCC, ISO, IUPAC, IUPAP, OIML,
1st edition, 1993, corrected and reprinted in 1995

3 Terms, definitions and symbols

For the purposes of this part of ISO 230, the terms, definitions and symbols given in |SO 230-2 and GUM
apply.

1) To be published. (Revision of |SO 230-2:1997)
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4 Estimation of measurement uncertainty U

The estimation of the measurement uncertainty, U, follows GUM, |SO/TS 14253-2 and ISO/TR 16015.

The individual contributors to the measurement uncertainty have to be identified (for examples, see Annex C)
and expressed as standard uncertainties, u;.

The combined standard uncertainty, uc, is calculated according to Equation (1):

ue = Jul+ > u? (1)

where
uc is the combined standard uncertainty, in micrometres (um);
ur is the sum of strongly positive correlated contributors, see Equation (2), in micrometres (um);

u; is the standard uncertainty of uncorrelated contributor, i, in micrometres (um);

up = Zuj (2)
where u; is the standard uncertainty of strongly positive correlated contributor, j, in micrometres (um).

The measurement uncertainty U is calculated according to Equation (3), where the coverage factor & is set to
2.

U=k-ug (3)
where
U is the measurement uncertainty, in micrometres (um);
k s the coverage factor,
k=2
uc is the combined standard uncertainty, in micrometres (um);

A standard uncertainty u; is obtained by statistical analysis of experimental data (type A evaluation) or by other
means, such as knowledge, experience and scientific guess (type B evaluation).

If an estimation gives a possible range of +a or (¢™—a~) of a contributor, then the standard uncertainty v; is
given according to Equation (4), assuming a rectangular distribution.

+ —
a —a

up =t (4)

23
where
uj is the standard uncertainty;
a* is the upper limit of rectangular distribution;

a~ is the lower limit of rectangular distribution.
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5 Estimation of the uncertainty of parameters, basic equations
In Clause 4, the black box method of the uncertainty estimation is used. For the parameters that are
calculated from individual measurement runs, from mean values, from multiples of the standard deviation,
and/or sums of those, the uncertainty estimates are obtained using transparent box method. Positioning
accuracy, repeatability and reversal value are such parameters. This can be written generally as

Y =f(X;) ()
where

Y is the parameter (e.g. repeatability, reversal value, positioning accuracy);

X; is the measured value i.
The combined standard uncertainty u. is then calculated according Equation (6):

2
e =\/u? +Z(%-um} (6)

1

where
uc is the combined standard uncertainty;
ur is the sum of strongly positive correlated components, see Equation (7);

uy; is the standard uncertainty of uncorrelated component ;.

oY
=N 7
=2y, (7)

where uy;is the standard uncertainty of strongly positive correlated component ;.
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