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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
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This Technical Specification is a geometrical product specification (GPS) document and is to be regarded
as a general GPS document (see ISO 14638). It influences chain links F of the chain of standards in the
general GPS matrix model.

For more detailed information of the relation of this Technical Specification to the GPS matrix model,
see Annex B.

The ISO GPS Matrix Model given in ISO 14638 gives an overview of the ISO GPS system of which this
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Chnical Specification. The default decision rules given in ISO 14253-1 apply to specificatior
ordance with this Technical Specification, unless otherwise stated.

the application of ISO 10360-5.
fore starting any test value uncertainty evaluation, it is recommended that

the distinction between the test value uncertainty and the measurement uncertaint
understood (the former is used to reduce the acceptance zone ina test, the latter to qu
reliability of a measurement value) and

the principle of the tester’s responsibility in deciding-whether or not to include an ui
component in the budget is also understood.

me details of the above issues are given in [ISO/TS 23165, the careful reading of which is recoi

thnical Specification is a part. The fundamental rules of ISO GPS given in ISO 8015 apply to this
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Geometrical product specifications (GPS) — Guidelines for
the evaluation of coordinate measuring machine (CMM)

test uncertainty for CMMs using single and multiple stylus
contacting probing systems

1

Th
pe

2
Th

IS) 10360-1, Geometrical Product Specifications (GPS) — Acceptarice and reverification tests for
mdasuring machines (CMM) — Part 1: Vocabulary

ISQ 10360-5:2010, Geometrical product specifications~{GPS) — Acceptance and reverificd
for| coordinate measuring machines (CMM) — Part-5:"CMMs using single and multiple stylus
probing systems

ISQ 14253-1:—1), Geometrical product specifications (GPS) — Inspection by measurement of |

an

specifications

ISQ 17450-2, Geometrical product. specifications (GPS) — General concepts — Part 2: Ba
specifications, operators, uncertainties and ambiguities

ISQ/TS 23165, Geometrical product specifications (GPS) — Guidelines for the evaluation of
mdasuring machine (CMM,) test uncertainty

ISQ/IEC Guide 98-3,"\Uncertainty of measurement — Part 3: Guide to the expression of unce
mgasurement (GUM;1995)

ISQ/IEC Guider99, International vocabulary of metrology — Basic and general concepts and
tenims (VIM)

3 | Terms and definitions

Scope
is Technical Specification describes how to evaluate the test value uncertainty wWhen

rformed according to ISO 10360-5.

Normative references

1 measuring equipment — Part 1: DeCision rules for proving conformity or nonconforn

testing is

e 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. Fo
reflerences, the latest edition of the referenced document (including'any amendments) applieg.

I undated

roordinate

tion tests
rontacting

vorkpieces
mity with

sic tenets,

roordinate

rtainty in

nssociated

For the purposes of this document, the terms and definitions given in ISO 10360-1, ISO 10360-5,
ISO 14253-1, ISO 17450-2, ISO/TS 23165, ISO/IEC Guide 98-3 and ISO/IEC Guide 99 apply.

1
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To be published. (Revision of SO 14253-1:2013)
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4 Test value uncertainty evaluation

4.1 Effects of fixturing and bending of the test sphere stem

The following contributors may be relevant in some applications.

— Fixturing of the test sphere: if the test sphere is fixtured loosely or vibrations are present, the test
sphere may shift during the measurements, due to, for example, probing forces, vibrations and
inertial forces.

— Bendi
probi

The influ
indicator
of point d

for the pu

Alternatiy
compared

4.2 For]

The formi
the test sy
test spher
is to be c3
great circ
used to eg

4.3 Tes

The recomimended formula for the standard;uncertainty of the probing error u(Pr..) is Formula (1):

hg forces may be a significant source of test value uncertainty.

bnce of these effects can be measured using a displacement sensor (such as_,a precis
br capacitance gauge) when a force equivalent to the probing force (i.e., the force@tthe inst
ptection) is applied to the test sphere. The distance of this displacement is called dpyryr

poses of this Technical Specification.

ely, two significantly different probing forces can be used to calculate the P values and tH
in order to assess these fixturing effects.

m of the test sphere

[lae that follow in the rest of Clause 4 make use of the fofm and the uncertainty of the formn
here, which, according to ISO 10360-5:2010, 6.2.3, is tochave been calibrated (the form of
e is the same as its sphericity). It is the form of the test sphere (and not the roundness) t
librated. However, if the roundness of the sphere.is calibrated instead of using traces ab
es of the sphere, then, upon agreement of buyer and seller, the roundness calibrations may
timate the form and its uncertainty by using:the adjustment factors as given in Annex A.

t of the probing system form error

to
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hnt
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put

be

(1)

2 2
F, d
_ SPHERE 2 FIXTURING
“(PFﬁ)— [ ) ] +u (FSPHERE)+( > ]
where

F is thedorm of the test sphere;

SPHERE
u(F ) is\the standard uncertainty in the form of the test sphere stated in the calibration

SPHERE /i-gertificate;

d is the displacement due to the probing force

FIXTURING

The one-sided nature of this test means that the typical 95 % confidence level is achieved with a coverage
factor of k = 1,645 instead of the usual k = 2 (the default value given in ISO 14253-1:—, Clause 4), which

applies to

two-sided distributions.

© ISO 2016 - All rights reserved
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The standard uncertainty, u, for the form calibration is found by dividing the expanded uncertainty
U reported in the form calibration certificate by the coverage factor k, u = U/k; the value of k is also
reported in the certificate.

NOTE The above standard uncertainty formula for u(Pr.-) can be an overestimate (see ISO 14253-2) due to
the unknown, complex interaction between the form of the test sphere with the error behaviour during probing.
This overestimation is not problematic for many cases, but in some cases can be problematic when the form of
an available and/or affordable test sphere is not sufficiently small in comparison with the maximum permissible
limit of the Pr.. value. In this case, the buyer and seller might agree on an acceptable way to proceed, considering
possibilities such as the following:

— [ a different decision rule may be agreed upon based on [SO/ TR 14Z253-6;
— | atechnically correct, more detailed formula for the test value uncertainty is obtained.
4.4 Test of the probing system size value
Thee recommended formula for the standard uncertainty of the error of indication u(Ps..) is Formula (2):
2 2 2
2 2 (F u (F ) d
2 SPHERE SPHERE FIXTURING
u(Pg_ )= [u* (Deyy )+ (@(T) Dy ) +(ATu(@) Dy ) +[T] = : + 2
(2)
wHere
D, is the calibrated diameter of the.t€st sphere;
ca
u(D ) is the standard uncertainty.in'the calibrated diameter of the test sphere;
cal
a is the CTE of the test.sphere material;
u(a) is the standard ungertainty in the CTE of the test sphere material;
AT is the temperature of the test sphere minus 20 °C;
u (T) is thesstandard uncertainty of the temperature of the test sphere;
Feprere isthe form of the test sphere;
u(F ) is the standard uncertainty in the form of the test sphere stated in the califjration
SPHEREJ  certificate;
N T URING is the displacement due to the probing force.

© IS0 2016 - All rights reserved 3
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4.5 Test of the probing system location value

The recommended formula for the standard uncertainty of the location value u(Py..) is Formula (3):

2
F, 2
SPHERE 2
“(PL”) = { ) J +u (FSPHERE ) + (dFIXTURING) (3)
where
F is the form of the test sphere;
SPHERE

is the standard uncertainty in the form of the test sphere stated in the €alibration

u(F.
( SP {ERE) certificate;

d is the displacement due to the probing force.
FIXTURING

4 © IS0 2016 - All rights reserved
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Annex A
(informative)

Using roundness to approximate form

A.f—Probtemrand proposed soluttom |

The formulae given in this Technical Specification make use of the form of the test sphére glong with
the uncertainty in the form. Practically, many test spheres are calibrated for roundnéss rather than
forim. That is, the roundness is measured for each of a number of great circles traced-out on the surface
of the sphere, and the largest of these is reported as a representation of the form.

In this case, one cannot directly use the formula, since the form is not fully‘eaptured by the rpundness.
The purpose of Annex A is to provide guidance in this situation.

Twjo common patterns arising for imperfections in a sphere are a four-lobed form (where thg lobes are
centred at the vertices of a regular, inscribed tetrahedron) and atwo-lobed form (a prolate spheroid).
For these cases, simulation studies were performed to ascertain what fraction of the form ig captured
when measuring the roundness on great circles (the orientation of the form pattern was randomized
though the simulation). Adjustment factors have been.computed and reported here to adjust from
ro]:ndness to form (using the worse of the four-lobed and)two-lobed cases).

While this approach admittedly falls short of all theform effects that can be seen in reality, as|is written
in .2, if buyer and seller agree, they may proceed\using the adjustments given in Annex A.

In the formulae in Annex A, the following meanings hold:

F is the form of the testsphere estimated by the equations below;
SPHERE
u(F ) is the standard-uncertainty in the form estimated by the equations below;
SPHERE
R is the roundness of the test sphere (or the maximum roundness in the case |of
SPHERE

multiple circular traces);

isthe standard uncertainty in the roundness of the test sphere stated on the

u(R
( SPHERE) calibration certificate.

A.2 Three great circles

In [thé ‘ease where roundness is computed on three great circles, each being in a plane orthogonal to
othertwa the following adjustment factors are propased as estimates:

Feppgre = 1725(RSPHERE) (A1)

“(FSPHERE) = 1’25(U(RSPHERE )) (A.2)

A.3 Five great circles

In some cases, the roundness is computed on five great circles. If the sphere is mounted on a stem, the
stem can be imagined being in the —Z direction of a coordinate system. Then, the pattern of five great

© IS0 2016 - All rights reserved 5
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circles is one parallel to the XY plane, and four in planes orthogonal to directions (1, 0, 1), (0, 1, 1), (-1, 0,
1) and (0, -1, 1). In this case, the following adjustment factors are proposed as estimates:

Fopygre = 171(RSPHERE) (A.3)

u (FSPHERE ) =11 (“ (RSPHERE )) (A.4)

A.4 One great circle

In the cage where one great circle is used to compute the roundness, it should be noted that-this
approach fan drastically undersample the sphere, lacking sufficient coverage to capture manyycomnjon
forms. Sirjce the adjustment found by simulation was large (namely, 10,5 for the case ofithé€ prolate
spheroid)| the opinion of the writers of this Technical Specification is that the roundness found usinlg a
single grept circle should not be extrapolated into a form value.

6 © IS0 2016 - All rights reserved
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