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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

nonfgovernmentat, In_fiaison with 150, also take part In the Work. SO collaborates close
Intefnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization:

y with the

Intefnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Thel main task of technical committees is to prepare International Standards. DraftInternationa

Standards

adopted by the technical committees are circulated to the member bodies for, voting. Publication as an

Intefnational 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 subjg
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO[10360-7 was prepared by Technical Committee ISO/TC.213, Dimensional and geometr
spetifications and verification.

ISO[ 10360 consists of the following parts, under the general‘titte Geometrical product specificatio
Accgptance and reverification tests for coordinate measdring machines (CMM):

— | Part 1: Vocabulary

— | Part 2: CMMs used for measuring linear dimensions

— | Part 3: CMMs with the axis of a rotary table as the fourth axis

— | Part 4: CMMs used in scanning measuring mode

— | Part 5: CMMs using single’and multiple stylus contacting probing systems
— | Part 6: Estimation- of-errors in computing of Gaussian associated features
— | Part 7: CMMs"equipped with imaging probing systems

— | Part 9:.CMMs with multiple probing systems

The|following part is under preparation:

ct of patent

cal product

s (GPS) —

— Part 8: CMMs with optical distance sensors
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Introduction

This part of 1ISO 10360 is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO/TR 14638). It influences chain link 5 of the chains of standards on size,
distance, radius, angle, form, orientation, location, run-out and datums. For more detailed information on the
relation of this part of ISO 10360 to other standards and the GPS matrix model, see Annex E.

The tests of this part of ISO 10360 have two technical objectives:
a) to testthe error of indication of a calibrated test length using an imaging probing system;

b) to test the errors in the imaging probing system.

The benefits of these tests are that the measured result has a direct traceability to the unit length, the meter,

and that it dives information on how the CMM will perform on similar length measurements.

The structufe of this part of ISO 10360 parallels that of ISO 10360-2, which is for"CMMs equipped with contact
probing systems. The testing methodology between these two parts of ISO{10360 is intentionally similar.|The

differences [that exist may be eliminated in future revisions of either this part)of ISO 10360 or ISO 10360-2,

All the definjitions in Clause 3 will appear in the revision of ISO 103601:2000.

Vi
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Geometrical product specifications (GPS) — Acceptance and
reverification tests for coordinate measuring machines

(C

MM) —

Part 7:

cM

1

This
mag
reve

The)
usin

Thig

This
use

Ms equipped with imaging probing systems

Scope

part of ISO 10360 specifies the acceptance tests for verifying the perfermance of a coordinatg
hine (CMM) used for measuring linear dimensions as stated by the manufacturer. It also s
rification tests that enable the user to periodically reverify the performance of the CMM.

acceptance and reverification tests given in this part of ISO<10360 are applicable only to Cartg
g imaging probing systems of any type operating in the discrete-point probing mode.

part of ISO 10360 does not explicitly apply to:

mutual agreement;

CMMs using other types of optical probing; however, parties may apply this approach to d
CMMs by mutual agreement;

CMMs using contact probing systems (see ISO 10360-2 for contact probing systems).

part of ISO 10360 specifies performance requirements that can be assigned by the manufag
- of a CMM, the manngnof execution of the acceptance and reverification tests to demonstrat

reqlirements, rules for(proving conformance, and applications for which the acceptance and r

test

2

The)

5 can be used.

Normative references

follewing referenced documents are indispensable for the application of this document,

measuring
pecifies the

sian CMMs

non-Cartesian CMMs; however, parties may @apply this part of 1ISO 10360 to non-Cartesiap CMMs by

ther optical

turer or the
b the stated
bverification

For dated

refe]

rences, only the edition cited applies. For undated references, the latest edition of the

referenced

document (including any amendments) applies.

ISO 10360-1:2000, Geometrical Product Specifications (GPS) — Acceptance and reverification tests for
coordinate measuring machines (CMM) — Part 1: Vocabulary

ISO 10360-2:2009, Geometrical product specifications (GPS) — Acceptance and reverification tests for
coordinate measuring machines (CMM) — Part 2: CMMs used for measuring linear dimensions

ISO 14253-1:1998, Geometrical Product Specifications (GPS) — Inspection by measurement of workpieces
and measuring equipment — Part 1: Decision rules for proving conformance or non-conformance with
specifications
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ISO 14660-1:1999, Geometrical Product Specifications (GPS) — Geometrical features — Part 1: General
terms and definitions

ISO/TS 23165:2006, Geometrical product specifications (GPS) — Guidelines for the evaluation of coordinate
measuring machine (CMM) test uncertainty

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated terms
(VIM)

3 Terms.and definitions

For the purposes of this document, the terms and definitions given in ISO 10360-1, ISO 10360-2, IS©-\142%3-1,
ISO 1466041, ISO/TS 23165, ISO/IEC Guide 99 and the following apply.

3.1
imaging probing system
probing system which creates measurement points through the use of an imaging system

NOTE 1 This part of ISO 10360 is primarily concerned with imaging probing systems that-enable measurements i the
lateral directipn to the probing system axis.

NOTE 2 A video or vision probing system is an imaging probing system.

3.2
imaging probe CMM
CMM equipped with an imaging probing system

3.3
field of view
FOV
area viewed by the imaging probing system

—_

See Figure

NOTE The measuring limits, or size, of the'FOV are stated as the limits of the object space that is reproduced if the
final image.

3.4
measuring|window
region of inferest in the FO).that is used in the determination of the measured point(s)

—_

See Figure

NOTE Configurations of measuring windows may vary widely between various imaging probe CMMs and for diff¢rent
measuring arplications on the same imaging probe CMM.

3.5
measuring plane (of the imaging probing system)
two-dimensional plane defined by the FOV of an imaging probing system

3.6

coefficient of thermal expansion

CTE

o

linear thermal expansion coefficient of a material at 20 °C

2 © 1S0O 2011 — All rights reserved
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3.7
normal CTE material
material with a CTE between 8 x 10-6/°C and 13 x 10-8/°C

3.8
test circle
circular material standard used for acceptance test and reverification test

ISO 10360-7:2011(E)

4 xO
+Z

+Y

+X

camera or other device for capturing an image of the measured object
various opticaléelements of the imaging probing system

measured object

FOV (object)

OV (image)

measuring window

N o o W N -

measured point

Figure 1 — Imaging probing system

3.9
bidirectional length measurement error
Eg

error of indication when measuring a calibrated bidirectional test length using an imaging probe CMM with a

single probing point (or equivalent) at each end of the calibrated test length

NOTE Eg is applicable only to imaging probe CMMs that are capable of three-dimensional spatial measurements,

which may not always be the case.
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3.10

repeatability range of the bidirectional length measurement error

Rg

range (largest minus smallest) of three repeated length measurement errors measured by a CMM when
measuring a calibrated bidirectional test length

3.11
unidirectio
Ey

nal length measurement error

error of indication when measuring a calibrated unidirectional test length using an imaging probe CMM with a

single probing point (or equivalent) at each end of the calibrated test length

NOTE Ky is applicable only to imaging probe CMMs that are capable of three-dimensional spatial measurements,
which may npt always be the case.

3.12

repeatabilify range of the unidirectional length measurement error

Ry

range (largest minus smallest) of three repeated length measurement errors measured by a CMM when
measuring @ calibrated unidirectional test length

3.13

Z bidirectignal length measurement error

Egz

error of indfcation when measuring a calibrated bidirectional test length'that is nominally perpendicular td the
measuring |plane of the imaging probe using a single probing point (or equivalent) at each end of|the

calibrated test length

NOTE Ip this part of ISO 10360, it is assumed that the machine Z-axis is nominally perpendicular to the measiiring
plane of the imaging probe. If that is not the case, alternative noamenclature should be used (e.g. Egx or Egy).

3.14

Z unidirectjonal length measurement error

Eyz

error of indication when measuring a calibrated_unidirectional test length that is nominally perpendicular td the
measuring |plane of the imaging probe wusing a single probing point (or equivalent) at each end of| the

calibrated test length

NOTE Ip this part of ISO 10360t is"assumed that the machine Z-axis is nominally perpendicular to the measiiring
plane of the imaging probe. If that is"net'the case, alternative nomenclature should be used (e.g. Eyx or Eyy)-

3.15

XY bidirecfional length‘measurement error

Egxy

error of ingdication_.wheén measuring a calibrated bidirectional test length that is nominally parallel to|the
measuring |planeyef the imaging probe using a single probing point (or equivalent) at each end of| the

calibrated tht length

NOTE
of the imagin

3.16

g probe. If that is not the case, alternative nomenclature should be used (e.g. Egxz or Egyyz)-

XY unidirectional length measurement error

Eyxy

In this part of ISO 10360, it is assumed that the machine XY plane is nominally parallel to the measuring plane

error of indication when measuring a calibrated unidirectional test length that is nominally parallel to the
measuring plane of the imaging probe using a single probing point (or equivalent) at each end of the
calibrated test length

NOTE In this part of ISO 10360, it is assumed that the machine XY plane is nominally parallel to the measuring plane
of the imaging probe. If that is not the case, alternative nomenclature should be used (e.g. Eyxz or Eyyz).

© 1S0O 2011 — All rights reserved
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3.17

squareness error

Egq

error of indication of the combined influence of the straightness and squareness (perpendicularity of motion)
measured between the axis of motion of the imaging probe CMM that is nominally perpendicular to the
measuring plane of the imaging probe and the plane of motion that is nominally parallel to the measuring
plane of the imaging probe

NOTE The expected usage is where the Z-axis is nominally perpendicular to the measuring plane of the imaging
probe and the XY plane is nominally parallel to the measuring plane of the imaging probe.

3.1
imaging probe bidirectional length measurement error
Egy
errgr of indication of a calibrated bidirectional test length measured in any position withinr the fielgd of view of
the jmaging probe, nominally parallel to the measuring plane of the imaging probe, and.using a single probing
point (or equivalent) at each end of the calibrated test length

NOTE 1 Testing Egy does not involve motion of the imaging probe CMM.

NOTE 2  Epgy is applicable only to imaging probe CMMs that are capable of making measurements in the field of view of
the imaging probe, which may not always be the case.

3.1¢
imaging probe unidirectional length measurement error
by
errgr of indication of a calibrated unidirectional test length meéasured in any position within the field of view of
the Jmaging probe, nominally parallel to the measuring plane of the imaging probe, and using a single probing
point (or equivalent) at each end of the calibrated test.Jength

NOTE 1 Testing Eyy does not involve motion of the'imaging probe CMM.

NOTE 2  Eyy is applicable only to imaging probe CMMs that are capable of making measurements in the figld of view of
the imaging probe, which may not always be:the case.

3.2(
proping error
Prop
errgr of indication within which-the range of radii can be determined by a least-squares fit of points measured
on a circular material standard of size, the measurements being taken on the test circle located anywhere in
the measuring volume-by-an imaging probe CMM in the discrete-point probing mode using motion fof the CMM
between all successive points and with all points evenly distributed across the usable field of view of the
imaging probe

C ) idt measured
on a circular materlal standard of size, the measurements being taken on the test C|rcle by an imaging probe
CMM in the discrete-point probing mode using no motion of the CMM and with all points distributed across the
usable field of view of the imaging probe

NOTE Pryop is applicable only to imaging probe CMMs that are capable of making measurements in the field of view
of the imaging probe, which may not always be the case.

3.22

maximum permissible error of bidirectional length measurement

EB’ MPE . . . . Il .
extreme value of the bidirectional length measurement error, Eg, permitted by specifications

© 1S0O 2011 — All rights reserved 5
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3.23
maximum permissible limit of the bidirectional repeatability range

Rg, mpL
extreme value of the repeatability range of the bidirectional length measurement error, Rg, permitted by

specifications

3.24
maximum permissible error of unidirectional length measurement

Ey, MPE
extreme value of the unidirectional length measurement error, £, permitted by specifications

3.25
maximum permissible limit of the unidirectional repeatability range
Ry, mpL
extreme value of the repeatability range of the unidirectional length measurement error, R\, permitted by
specificatiops

3.26

maximum permissible error of Z bidirectional length measurement

Egz, MPE S . )

extreme value of the Z bidirectional length measurement error, Eg, permitted by specifications

3.27

maximum permissible error of Z unidirectional length measurement

Eyz, mpPe o . o

extreme value of the Z unidirectional length measurement error, E|,, permitted by specifications

3.28

maximum permissible error of the XY bidirectional length measurement

EBXY’ MPE . . . . g .

extreme value of the XY bidirectional length measurementerror, Egyy, permitted by specifications

3.29

maximum permissible error of the XY unidirectional length measurement

Eyxy, MPE S . o
extreme value of the XY unidirectional length measurement error, £y, permitted by specifications

3.30

maximum permissible squareness.error

Esq, MPE . o

extreme value of the squareness_error, Egq, permitted by specifications

3.31

maximum permissible-error of imaging probe bidirectional length measurement

EBV’ MPE . . . . . . I .
extreme value of thesimaging probe bidirectional length measurement error, Eg,,, permitted by specificatiorjs
3.32

maximum permissibie error of imaging probe unidirectional fengtirmeasurement

EUV‘ MPE . . . . . . el .
extreme value of the imaging probe unidirectional length measurement error, E;,,, permitted by specifications
3.33

maximum permissible probing error

Pr2p, MPE _ _ -

extreme value of the probing error, Pg,p, permitted by specifications

3.34

maximum permissible probing error of the imaging probe

Pryvap, MPE

extreme value of the probing error of the imaging probe, Pr5p, permitted by specifications

6 © 1SO 2011 — All rights reserved
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4 Symbols

For the purposes of this part of ISO 10360, the symbols of Table 1 apply.

Table 1 — Symbols

Symbol Meaning

Eg bidirectional length measurement error
Rg repeatability range of the bidirectional length measurement error
Ey unidirectional length measurement error
Ry repeatability range of the unidirectional length measurement error
Egz Z bidirectional length measurement error
Eyz Z unidirectional length measurement error
Egxy XY bidirectional length measurement error
Eyxy XY unidirectional length measurement error
Egx X bidirectional length measurement error
Eyx X unidirectional length measurement error
Egy Y bidirectional length measurement error
Eyy Y unidirectional length measurement error
Esq squareness error
Egy imaging probe bidirectional length.measurement error
Eyy imaging probe unidirectional length measurement error
Prop probing error
Pryop probing error of the imaging probe
Eg mPE maximum permissible error of bidirectional length measurement
Rp, MPL maximum permissible limit of bidirectional repeatability range
Ey, MPE maximum-permissible error of unidirectional length measurement
Ry, mpPL maximum permissible limit of unidirectional repeatability range
Egz MPE maximum permissible error of Z bidirectional length measurement
Eyz, MPE maximum permissible error of Z unidirectional length measurement
Egxy, MPE maximum permissible error of XY bidirectional length measurement
Eyxx \MPE maximum permissible error of XY unidirectional length measurement
£BX MPE maximum permissible error of X bidirectional length measurement
Eyx, MPE maximum permissible error of X unidirectional length measurement
£BY VPE Reximt-permissible-errorof-Y-bidirectioraHength-measurement
Eyv, MPE maximum permissible error of Y unidirectional length measurement
Esq, MPE maximum permissible squareness error
Epy, mPE maximum permissible error of imaging probe bidirectional length measurement
Eyv, mpe maximum permissible error of imaging probe unidirectional length measurement
Prop, MPE maximum permissible probing error
Pryop, MPE maximum permissible probing error of the imaging probe

NOTE See Clause 9 for the indications of these symbols in product documentation, drawings, data sheets, etc.

© 1S0O 2011 — All rights reserved 7
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5 Environmental and metrological requirements

5.1

Environmental conditions

Limits for permissible environmental conditions, such as temperature conditions, air humidity, vibration and
ambient lighting at the site of installation, that influence the measurements shall be specified by:

In both cas
will be perfg

The user is
the data sh

If the envirg
limits cannd

5.2 Opel

The CMM
conducting

Specific arg

a)
b)
c)
d)
e)
f)

9)
h)
i)

j)

the manufacturer, in the case of acceptance tests;

the user, in the case of reverification tests.

machin
cleanin
probing
therma
probing

ambier

es, the user is free to choose the environmental conditions under which the ISO 10360-7. tes
rmed within the specified limits (as supplied in the data sheet of the manufacturer).

responsible for providing the environment enclosing the CMM, as specified by the-manufactur
pet.

nment does not meet the specifications, then verification of the maximum permissible errors
t be required.

ating conditions

shall be operated using the procedures given in the manufacturer's operating manual w
the tests given in Clause 6.

as in the manufacturer's manual to be adhered to arefor example:
e start-up/warm-up cycles,

g procedures,

system qualification,

stability of the probing system before calibration,

approach direction,

t illumination,

illumination system,

location, type, number of thermal sensors,

imagin

J probe-set-up and magnification,

ting

Br in

and

hen

image

hrocessina filters and alaorithms
~J J

5.3 Requirements for various configuration imaging probe CMMs

5.3.1

General

This part of ISO 10360 recognizes the various configurations of imaging probe CMMs and allows
manufacturer's specifications and the required testing procedure some amount of flexibility for that reason.
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5.3.2 Length measurement errors

Some imaging probe CMMs are designed and intended for three-dimensional measurements while some are
not capable of making three-dimensional measurements. In order to allow some flexibility in specifications, but
still ensure all necessary requirements for metrological characteristics are met, variations of specifications

using the defined MPEs are allowed.

a) For imaging probe CMMs that are capable of spatial (three-dimensional) measurements anywhere in the
imaging probe CMM volume, this part of ISO 10360 allows for two different testing approaches: the
component approach and the composite approach.

1) The—composite—approach—inctudes—= Dillyic TaximmunT—permissibte—error (TV‘PE) for Iength
measurement errors, i.e.
either Eg \ipg OF £y, MpE-
2) The component approach includes the following three MPE values:
i) either Egxy mpE OF Euxy, MpE;
i) either Egz wpg OF Eyz, MPE;
i) Esq, MpE-
The MPE values from the composite and component approaehes cannot necessarily be directly compared.

b) |For imaging probe CMMs that can move in three axes butare only capable of making measurements in a
two-dimensional plane (nominally parallel to the measuring plane of the imaging probe, whereby
measured features may be in different planes but(are projected into a single plane for measurement),
there are two MPE values for length measurement errors:

1) Esq, MPES
2) either Egxy mpe OF Euxy, MPE-

c) |For imaging probe CMMs that are_only capable of making measurements in any two-dimensional plane
(nominally parallel to the measuring plane of the imaging probe, but where all features measured at any
given time are always nominally in a single plane and not projected from the plane of measurement),
there is one MPE value forlength measurement errors:

either Egxy, Mpe-9F Euxy, MPE:

In addition, for machines capable of measurements in the field of view without machine motion, gpecification

of ejther £gy, \pe©r Eyy, mpe is allowed, but not required.

Thel maximum-permissible errors for the length measurement errors can be specified, at the discetion of the

manufacturer, using either unidirectional or bidirectional test lengths.

NOTE 4 Measuring machines with optical probing systems are sometimes used for the task of ling scale pitch

measurement. For this measurement task, a unidirectional length MPE specification may be appropriate.

NOTE 2 Limited availability of suitable bidirectional length artefacts with low calibration uncertainty may significantly

increase the MPE for bidirectional length measurements compared to unidirectional length measurements.

The length measurement errors shall not exceed the respective maximum permissible errors as stated by:
— the manufacturer, in the case of acceptance tests,
the user, in the case of reverification tests.

The length measurement errors and the maximum permissible errors of length measurement are expressed in
micrometres.
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5.3.3 Probing errors

Peop, mpe IS required for all machine configurations. The test procedure for the probing error, Pgyp, shall
include both machine motion and the full usable portion of the field of view.

For machines capable of measurements in the field of view without machine motion, specification of

Peyvop, MPE

is allowed, but not required.

The probing errors, Py and Prypp, shall not exceed the respective maximum permissible error, Prop vpe
and Pryyp vpg a@s stated by:

the ma
the use

The probing

hufacturer, in the case of acceptance tests,
r, in the case of reverification tests.

error and the maximum permissible error of the probing error are expressed in micrometres.

5.3.4 Repeatability range of the length measurement error, Rg or R

When Eg v

The repeat
maximum p
the ma

the usq

pE OF £y \mpe is specified then the corresponding Rg \p OF Ry wpi Shatbalso be specified.

bility range of the length measurement errors (Rg or R valueg) shall not exceed the respe
ermissible limit of the repeatability range, Rg \yp OF Ry, mpL, @S Stated by:

hufacturer, in the case of acceptance tests;

r, in the case of reverification tests.

The repeatability range of the length measurement error (Rg or R\, values) and the maximum permissible

of the repeg

5.3.5 Woi

The length
manufactur
performanc;

tability range, Rg \p OF Ry mpL, @re expressed in micrometres.

kpiece loading effects

measurement errors shall not exceed the respective maximum permissible errors as stated by
br when the CMM is loaded\with up to the maximum workpiece mass for which the G
b is rated. Testing of the lefigth measurement errors may be conducted under any workpiece

(from zero Uyip to the rated maximum workpiece load), selected by the user subject to the following conditio

The ph
the loa

The m
(i.e. tal
specifig

ysical volume of the load supplied for testing shall lie within the measuring volume of the CMM
 shall be free-standing.

hnufacturer ‘may specify a limit on the maximum load per unit area (kg/m?2) on the CMM sup
le) surfaee or on individual point loads (kg/cm2), or on both; for point loads, the load at
contact point shall be no greater than twice the load of any other contact point.

Unless

tive

limit

the
MM
oad
Ns.

and

port
any

otherwise specified by the manufacturer, the load shall be located approximately centrally

and

approximately symmetrically at the centre of the CMM table.

The user and manufacturer should arrange for the availability of the load.

The user and the manufacturer should discuss the loading of the CMM table since access to measurement
positions may be impaired by the load.

10
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6 Acceptance tests and reverification tests

6.1 General

Acceptance tests are executed according to the manufacturer's specifications and procedures that are in
compliance with this part of ISO 10360. The manufacturer may choose the artefact representing the calibrated
test length from those described in Annex B and Annex D.

The user may supply the artefact if there is mutual agreement between the user and manufacturer; in this
case, the measurement uncertainty, artefact material, and cost should be carefully considered.

Rev
For
recq
cali

The)

for all tests. If the manufacturer does not specify the imaging probing configuration, the user is fre

the

For
proq
mair
or o

NOT

The)

erification tests are executed according to the user's specifications and the manufacturer's prog

all tests, supplementary measurements may be required for artefact alignment/ purp
mmended that the alignment method used be consistent with the procedures_used for
bration.

manufacturer should clearly specify on the data sheet the imaging probing ‘eonfiguration that
configuration from any components supplied with the CMM.

all tests, the probing system shall be set up and qualified in accordance with the manufactu
edures (see 5.2). All probing system qualifications shall be performed using the artefact sup
ufacturer for probe qualifications in the normal use of the CMM and shall not make use of any
ther artefacts.

E

Changing the imaging probing system or measuring.€onditions may significantly change the test r

algorithms and parameters used in testing should be those used for normal workpiece meas

edures.
oses. It is

he artefact

will be used
e to choose

er's normal
blied by the
test artefact

esults.

urement on

the machine. No additional filtering or other optimization should be used.

6.2| Length measurement errors

6.21 General

The| principle of the assessment method is to use a calibrated test length, traceable to the metre, [to establish
whdther the CMM is capable of measuring within the stated maximum permissible errof of length
megsurement for a CMM.

The| assessment shall-be performed by comparison of the indicated values of five different calibrated test
lengths, each measured three times, relative to their calibrated values. The indicated values are calculated by
poirjt-to-point_length measurements projected onto the alignment direction. Each point shall bg measured
through thesuse of a single measuring window following the recommendations of the manufgcturer. The

dimgnsions.of the measuring window shall be no larger than 10 % of the field of view.

To compare the length measured by a CMM to the calibrated value of the test length, it is necesgary to align
the test length properly. If the calibration certificate of the test length supplies instructions for alignment, then
those instructions should be followed prior to the length measurements. In the absence of alignment
instructions in the calibration certificate, the manufacturer may decide the alignment procedure.

Each of the three repeated measurements is to be arranged in the following manner: if one end of the
calibrated test length is labelled “A” and the other end “B” then the measurement sequence is either
Ay By, Ay By, A3 B; or Ay By, By Ay, Ay B3, Other sequences such as Ay A, A, B B, B3 are not permitted.
Each of the three repeated measurements shall have its own unique measured points. That is, in general, By,
B, and B; shall be different actual points of the same target point B. Once the measurement sequence for a
test length has begun no additional probing points shall be measured other than those required to measure its
length; for instance, no alignment points are permitted between the measurement A, and B,.

© 1SO 2011 — All rights reserved 11


https://standardsiso.com/api/?name=17c0ab9ea87659220528ec131f9c02a0

ISO 10360-7:2011(E)

For CMMs without workpiece thermal expansion compensation, the uncorrected differential thermal expansion
between the CMM and the calibrated test length can produce a significant error; hence this part of ISO 10360
also requires the disclosure of the test length CTE.

For CMMs with workpiece thermal expansion compensation, this thermally induced error is greatly reduced.
For these CMMs, a significant portion of the residual thermal error is due to the uncertainty in the test length's
CTE (i.e. resulting in imperfect thermal expansion correction); hence this part of 1ISO 10360 requires the
disclosure of the uncertainty in the CTE of the test length.

For some CMMs, the thermal correction system requires the user to input values of the artefact's CTE and
temperature as part of its automatic thermal compensation system as described in its operating

documenta
Manual the

6.2.2 Medsuring equipment

The longes
along a me
test length

length posit
length. The
lengths use
the extent g

ion. This is permitted provided it is the CMM software that performs the thermal compensa
mal compensation by the user is not permitted.

calibrated test length for each position shall be at least 66 % of the maximumravel of the G
asurement line through the calibrated test length. Hence the minimum allowable longest calibr
bositioned along a body diagonal will be longer than the minimum allowable longest calibrated
oned along an axis direction. Each calibrated test length shall differ significantly from the othe
r lengths shall be well distributed over the measurement line. In general, the five calibrated
d in one position may differ in their lengths from those used in another position, for example du
f CMM travel along different measurement lines.

ion.

MM
hted
test
'S in
test
e to

EXAMPLE 1 An example of well-distributed calibrated test lengths over a4 m measurement line is: 100 mm, 200 [mm,
400 mm, 600 mm, 800 mm.

The optionrrl test for Egy, or Ey, allows no motion of the GMM; in this case, the maximum travel is|the
maximum measurable length in the image of the field of view:of the imaging probe.

The manufacturer shall state the upper, and optionally Iower, limits of the CTE of the calibrated test len

The manuf
maximum
calibrated t
CTE shall
normal CTH

If the calibr:
are design
calibrated t
EXAMPLE 2

Eg, mpe”

* Artefact is
than 0,3 x 1Q

Eermissible (k=2) uncertainty of theCTE of the calibrated test length. In the case where

fcturer may calibrate the CTE of a calibrated test length. The manufacturer shall specify

st length is composed of a unidirectional length and a short bidirectional length (see Annex B)
e considered to be that of the unidirectional length. The default for a calibrated test length
material unless the manufacturer's specifications explicitly state otherwise.

gth.
the
the
the
is a

bted test length is not a narmal CTE material, then the corresponding maximum permissible efrors

ted with an asterisk ((*) and an explanatory note shall be provided describing the CTE of
st length.

supér-invar with a CTE no greater than 0,5 x 10-6/°C and with a CTE expanded uncertainty (k = 2) no gré
-6/°C.

the

bater

For Eg, E\, Egxy, and Exy, if the manufacturer's specification states that the calibrated test lengths will be a
non-normal CTE material and the CTE is less than 2 x 10-/°C, then perform an additional measurement as
described in 6.2.3.3 and 6.2.5.3.

A low CTE test length can be mathematically adjusted to give the apparent behaviour of a normal CTE
material test length subject to the requirements of Annex D; however, this calibrated test length is still
considered to have a low CTE and is subject to the requirement of 6.2.3.3 and 6.2.5.3.

See Annex B for examples of a calibrated test length.
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6.2.3 Length measurement error, £g or £,

6.2.3.1 Measurement positions

Five different calibrated test lengths shall be placed in each of seven different positions (locations and
orientations) in the measuring volume of the CMM, and each length shall be measured three times, for a total
of 105 measurements. Four of the seven positions shall be the space diagonals, as shown in Table 2. The
user may specify the remaining three positions; the default positions are parallel to each of the CMM axes, as
shown in Table 2.

The manufacturer may, at his discretion, specify the maximum permissible error of bidirectional or
unidirectional length measurement for each CMM axis, i.e. positions 5, 6 and 7.

— | For bidirectional length measurements, the notation shall be

— Epxand Egx e

— EBY and EBY, MPE> and

— Egzand Egz \pE-

— | For unidirectional length measurements, the notation shall be

— Eyxand Eyx vpes

— EUY and EUY, MPE> and
— Eyzand Eyz ype-

Table 2 — Orientation in the measuring volume

l:zii]tli)z': Orientation in the measuring volume Reg:fi;ﬁcllt tr
1 Along the(diagonal in space from point (1, 0, 0) to (0, 1, 1) Required
2 Along‘the’diagonal in space from point (1, 1, 0) to (0, 0, 1) Required
3 Aleng the diagonal in space from point (0, 1, 0) to (1, 0, 1) Required
4 Along the diagonal in space from point (0, 0, 0) to (1, 1, 1) Required
5 Parallel to the machine scales from point (0, 1/2, 1/2) to (1, 1/2, 1/2) Default
6 Parallel to the machine scales from point (1/2, 0, 1/2) to (1/2, 1, 1/2) Default
v Parallel to the machine scales from point (1/2, 1/2, 0) to (1/2, 1/2, 1) Default
NOTE For specifications in this table, opposite corners of the measuring volume are assumed to be (0, 0,/ 0)
and (1, 1, 1) in coordinates (X, Y, Z).

For CMMs with a high aspect ratio between the length of the axes, it is recommended that the manufacturer
and the user, upon mutual agreement, add two additional measurement positions. A high aspect ratio CMM
occurs when the length of the longest axis is at least three times the length of the intermediate axis. The
recommended positions, each consisting of five calibrated test lengths, each measured three times, are the
two (corner-to-corner) diagonals in a plane perpendicular to the longest axis, i.e. if X is the longest axis, then
the two diagonals are in the Y-Z plane and located approximately at the midpoint of the X-axis.

6.2.3.2 Measurement procedure
For each of the five calibrated test lengths, obtain three measurement results. See Annex B for details

regarding the measurement procedure for specific types of test lengths. Repeat for all seven measurement
positions for a total of 105 measurement results from the calibrated test lengths.
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6.2.3.3 Low CTE case

For the case where the manufacturer's specification for Eg \pg or £y ypg requires a<2x 10~ 6/°C (thus
being a non-normal CTE), an additional measurement shall be performed on a normal CTE material calibrated
test length. The normal CTE material test length shall be greater than the lesser of 0,5 m or 50 % of the
longest CMM axis travel. This measurement shall be performed in the centre of the CMM measuring volume
and parallel to one of the CMM axes. The measurement shall be repeated three times. The manufacturer may
calibrate the CTE of this test length.

NOTE 1 When a laser interferometer is used to produce the calibrated test lengths, as described in Annex B, the laser
interferometer is considered a low CTE material and hence requires the measurement of a normal CTE calibrated test

length.

NOTE 2 hen using a laser interferometer, it is good practice to measure the normal CTE artefactyalong a
measuremerit line that was previously measured using the laser interferometer. The consistency of the errors of indication
from the lasqr interferometer and from the normal CTE artefact serves as a quick check to see if the compensation for the
workpiece CTE and the compensation for the index of refraction have been correctly implemented.

6.2.3.4 erivation of test results

For all 105 measurements, and (if required) the three additional measurementsZof 6.2.3.3, calculate gach
length megsurement error, Eg or E;, by calculating the difference betweenZthe indicated value and|the
calibrated Vfalue of each test length (where the calibrated value is taken as/the“conventional true value of the
length). The indicated value of a particular measurement of a calibrated4est length may be corrected by the
CMM to acgount for systematic errors, or thermally induced errors (incldding thermal expansion) if the QMM
has accesspry devices for this purpose. Manual correction of the results obtained from the computer output to
account for[temperature or other corrections shall not be allowed when the environmental conditions satisfy
the conditions of 5.1.

Plot all length measurement errors on a diagram, as indicated on the figure (Figure 12, Figure 13 or Figure 14
of ISO 10360-1:2000) that matches the expressed form of the MPE.

6.2.4 Zlepgth measurement error, Eg; or £\ 5

6.2.4.1 Measurement positions

Five different calibrated test lengths shall be oriented nominally perpendicular to the measuring plane of| the
imaging prgbe. The user may specify-the location.

6.2.4.2 Measurement procedure

For each of the five calibrated test lengths, obtain three measurement results for a total of 15 measurement
results from the calibrated test lengths; see Annex B for details regarding the measurement procedurg for
specific types of testlengths.

6.2.4.3 eriyation of test results

For all 15 measurements, calculate each length measurement error, Eg; or E 7, by calculating the difference
between the indicated value and the calibrated value of each test length (where the calibrated value is taken
as the conventional true value of the length). The indicated value of a particular measurement of a calibrated
test length may be corrected by the CMM to account for systematic errors, or thermally induced errors
(including thermal expansion) if the CMM has accessory devices for this purpose. Manual correction of the
results obtained from the computer output to account for temperature or other corrections shall not be allowed
when the environmental conditions satisfy the conditions of 5.1.

Plot all length measurement errors on a diagram, as indicated on the figure (Figure 12, Figure 13 or Figure 14
of ISO 10360-1:2000) that matches the expressed form of the MPE.
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6.2.5 XY length measurement error, Egyy or £\ xy

6.2.5.1 Measurement positions

Five different calibrated test lengths shall be placed in each of four different positions (locations and
orientations) nominally parallel to the measuring plane of the imaging probe. Two of the four positions shall be
the planar face diagonals. The user may specify the remaining two positions; the default positions are
nominally parallel to each of the CMM axes, X and Y. The four different positions may be in different, but

nominally parallel, planes.

6.2.p-2—Measurementprocedure
For|each of the five calibrated test lengths, obtain three measurement results. See Annex B for details
regarding the measurement procedure for specific types of test lengths. Repeat for all four mpasurement

pos

6.2.

For

beir

test

long
voly
mar|

NOT
intefferometer is considered a low CTE material and hencesrequires the measurement of a normal CTE c
length.

NOTE 2
measurement line that was previously measured using the laser interferometer. The consistency of the errors

fro

workpiece CTE and the compensation for the.ifidex of refraction have been correctly implemented.

6.2.

For

meg

cali

leng

CM
has
acc
the

Plot

of 18

6.2.

6.2.

tions for a total of 60 measurement results from the calibrated test lengths.

b.3 Low CTE case

the case where the manufacturer's specification for Egxy mpg OF Eyxy,mpe requires o< 2 x 1
g a non-normal CTE), an additional measurement shall be performed‘on‘a normal CTE materi
length. The normal CTE material test length shall be greater than-the lesser of 0,5m or
est CMM axis travel in X or Y. This measurement shall be perfofmed in the centre of the CMM
me and parallel to either the X or Y CMM axis. The measurement shall be repeated three
ufacturer may calibrate the CTE of this test length.

E1

When a laser interferometer is used to produce the calibrated test lengths, as described in Anne

When using a laser interferometer, it i§“good practice to measure the normal CTE arte

the laser interferometer and from the normal CTE artefact serves as a quick check to see if the compen

.4  Derivation of test results

all 60 measurements, and-(ifrequired) the three additional measurements of 6.2.5.3, calculate
surement error, Egyy~0Ol" Exy, by calculating the difference between the indicated val
prated value of each’test length (where the calibrated value is taken as the conventional true
th). The indicated:value of a particular measurement of a calibrated test length may be corrg
M to account far systematic errors, or thermally induced errors (including thermal expansion)
accessory deévices for this purpose. Manual correction of the results obtained from the compu
bunt for temperature or other corrections shall not be allowed when the environmental condi
conditions of 5.1.

D-6/°C (thus
al calibrated
b0 % of the
measuring
times. The

k B, the laser
blibrated test

act along a
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sation for the

each length
le and the
value of the
cted by the
if the CMM
er output to
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br Figure 14

6

Imaging probe length measurement error, Eg, or £,

6.1 Measurement positions

Five different calibrated test lengths shall be placed in each of four different positions (locations and
orientations) nominally parallel to the measuring plane of the imaging probe CMM. Two of the four positions
shall be the field of view diagonals. The user may specify the remaining two positions; the default positions
are nominally parallel to each of the CMM axes, X and Y, in the centre of the field of view.

NOTE This test does not involve machine motion; therefore, all measurement positions are within the field of view of

the imaging probing system.
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6.2.6.2 Measurement procedure

For each of the five calibrated test lengths, obtain three measurement results. See Annex B for details
regarding the measurement procedure for specific types of test lengths. Repeat for all four measurement
positions for a total of 60 measurement results from the calibrated test lengths.

6.2.6.3 Derivation of test results

For all 60 measurements, calculate each length measurement error, Eg,, or E\y;, by calculating the difference
between the indicated value and the calibrated value of each test length (where the calibrated value is taken

as the conventi

WWWWWW&&T

may be corrected by the CMM to account for systematic errors, or thermally induced reffrors

test length

ibrated

(including thermal expansion) if the CMM has accessory devices for this purpose. Manual correction-ofl the
results obtgined from the computer output to account for temperature or other corrections shall not be allowed
when the efivironmental conditions satisfy the conditions of 5.1.

Plot all length measurement errors on a diagram, as indicated on the figure (Figure 12, Figure 13 or Figure 14
of ISO 10360-1:2000) that matches the expressed form of the MPE.

6.3 Squareness error, £gq

6.3.1 Gerleral

If the test method described in the following is not practical or suitable, the alternative method giveh in
Annex C may be used upon mutual agreement between the two parties.

The principle of the assessment method is to use a calibrated ‘mechanical square, traceable to the meter, to
establish whether the imaging probe CMM is capable of measuring within the stated maximum permissible
error of squareness, Egq upg, for both the YZ and ZX plaries of motion of the CMM.

The assesgment method shall be performed by nieasuring six different locations (a zero point plus |five
measuremgnt points) on a square and comparing:-the results to the calibration values of the square. [The

indicated v4
to the XY p

The measu
head, to be

lues are measured relative to the reference surface of the square, which must be properly alig
ane of motion of the CMM.

rement of the square will normally require the use of some type of indicator, or indicating g4
attached to the CMM. If required, this external indicator shall be supplied by the tester.

6.3.2 Medsuring equipment

The square
motion. The
maximum t
reference s
shown in Fi

hess measuréments shall be taken over at least 66 % of the maximum travel of the CMM Z-ax

distance between the measurement locations, parallel to the Z-axis, shall be at least 10 % of
avel of the/Z-axis. Each location to be measured on the square shall be calibrated relative tg
Lirface~of the square. The requirements for the size and measurement locations on the square
guren2.

ned

uge

s of
the
the
are

NOTE

Squares are available in many shapes and configurations. The one shown in Figure 2 is just an example.

The maximum workpiece mass for which the CMM performance is rated should be considered in the selection
of the square.
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6.3.

The| calibrated square shall be placed in each of two different measuring positions. The first posit
nonjinally parallel to the ZX plane of motion of the CMM. The second position shall be nominally p3

YZ

6.3.

6.3.

If anp externaliindicator is required, it shall be rigidly mounted to the Z-axis such that the measuring

indi

megsuré. deviations parallel to the measuring plane of the imaging probe in either the X or

dep

ISO 10360-7:2011(E)

precision mechanical square

reference surface of square

zero point of square

fixturing for placing square on reference points (if appropriate)

The minimum length of measuring line is 66 % of Z travel,
The minimum distance between points is 10 % of Z travel:

Figure 2 — Square for checking squareness error, E

3 Measuring positions

blane of motion of the CMM,
B  Measuring procedure

nA External-indicator

Cator is-as close as possible to the measuring point of the imaging probing system. It shall &

ending on whether the ZX or YZ plane, respectively, is being tested

on shall be
rallel to the

point of the
e set up to
directions

If an external indicator is not required, then the imaging probing system shall be set up and qualified in
accordance with the manufacturer's normal procedures (see 5.2).

6.3.

4.2 Alignment

The calibrated square shall be placed in the first measuring position with the reference surface of the square
nominally parallel to the XY plane of motion of the CMM.

©IS
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The reference surface of the square shall be used for alignment purposes; the reference surface of the square
shall therefore either be mechanically aligned to be parallel to the XY plane of motion of the CMM or
appropriate software tools must be used to create a measurement coordinate system to correct for the
misalignment. Supplementary measurements may be required for artefact alignment purposes. It is
recommended that the alignment method used be consistent with the procedures used for the artefact
calibration.

The alignment method will typically involve measuring a plane on the reference surface of the square. The
location of the measuring points on the plane should be based on the calibration of the square.

Riser blocks, or other fixturing, may be used to position the square or raise the square off the work surface of
the CMM. This may be important to align the square in the same manner in which it was calibrated. [See
Figure 2.

Alignment gnd measurement of the square using an external indicator may be impossible or pfoblemati¢ on
some imag|ng probe CMMs as the imaging probe is not being used in the measurement. Additional efrors
may also rgsult if the use of the external indicator prohibits the proper functioning of any grfor compensation
routines within the CMM. It is recommended that users consult with the manufacturer pfiorto performing|this
performancg test.

6.3.4.3 Measurement points

Once the square is aligned, measurement points are taken on the square-by. moving the imaging probe GMM
in the +Z d|rection. The first measurement point is the zero, or referencey point. The zero point is showhn in
Figure 2.

It is recommended that the zero point be consistent with the calibration of the square.

For each of the five measurement locations, a single measurement result on the calibrated surface of| the
square is then obtained by moving in the +Z direction. {n“the first position of the square, parallel to thg ZX
plane, the readings will be in the X direction.

The calibrated square is then placed in the se€ond measurement position, parallel to the YZ plane. [The
external indicator set-up and alignment, as required, is repeated, and the measurement of the zero point|and
the five me@surement points on the square are completed. The readings will be in the Y direction.

6.3.5 Derjvation of test results

For all 10] measurements, thé- difference between each measurement result and the corresponfling
measuremgnt result for the zero point of the square is calculated. These differences are the indicated vajues
of the squgre. The squaréness measurement error, Egq, is then calculated as the difference between| the
indicated value for each“measurement point and the calibrated value of each measured point on the square.
(The calibrgted value-is'taken as the conventional true value of the measured point on the square.)

If the measpred zéro point does not correspond to the zero point indicated on the calibration certificate of the
square, thep @ppropriate corrections to the calibrated values of the square should be done.

The indicated value of a particular measurement of the calibrated square may be corrected by the CMM to
account for systematic errors, or thermally induced errors (including thermal expansion) if the CMM has
accessory devices for this purpose. Manual correction of the results obtained from the computer output to
account for temperature or other corrections shall not be allowed when the environmental conditions satisfy
the conditions of 5.1.

Plot all the errors of indication on a diagram, as indicated on the figure (Figure 12, Figure 13 or Figure 14 of
ISO 10360-1:2000) that matches the expressed form of the MPE.
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6.4 Repeatability range of the length measurement error, R or R\,

For each set of three repeated measurements in 6.2.3, calculate the corresponding repeatability range, Rg or

Ry,

by evaluating the range of the three repeated length measurements.

Plot all the repeatability range values on a diagram, as indicated on the figure (Figure 12, Figure 13 or
Figure 14 of ISO 10360-1:2000) that matches the expressed form of the maximum permissible limit (MPL).

6.5 Probing performance (Pr,p)
6.5.— PTInciple
The)

meg

dist

6.5.

The] test circle shall have a nominal diameter at least 150 % of the smallest-axis of the field of
greater than 51 mm.

The

6.5.

6.5.

6.5.
6.5.
6.5.

full
pos

hnces of the measured points from the centre of the Gaussian associated circle.

P Measuring equipment

B Procedure

tion of the points shall be-at-the discretion of the user, taking into account the following.

The CMM shall move-between all measured points for 25 different fields of view.

shall not overlap.

The 25-measuring windows shall be distributed across the entire field of view.

Focusing between points is allowed.

principle of the assessment method for the probing error is to establish whether the EMM ig capable of
suring within the stated maximum permissible probing error, Prop ypg, by determining the range of

view but no

form of the test circle shall be calibrated, since form deviation’ influences the test result, and shall be
takgn into account when proving conformance or non-conformancewith the specification.

3.1 The user is free to choose the imaging probing system configuration and location of the mounting
of the test circle within the specified limits.

3.2 Set up and qualify the probing system in accordance with the manufacturer's normal procedures.
3.3 Position the test circle to be:nominally parallel to the focal plane of the imaging probe.

3.4 Measure and record 25 points. The points shall be approximately evenly distributed|around the
circle (approximately every 4474 degrees). Each point shall be taken with a single measuring window. The

Some overlap‘between fields of view is allowed, however, the measuring windows in the fljeld of view

Figure 3 shows one allowable pattern; this pattern is one of many possibilities that would meet the
requirements of this clause and should not be considered a default nor required pattern.

NOTE In Figure 3, the relationship between the position of the field of view on the test circle and the position of the

test

window in the field of view is highlighted for point 21 (of the required 25 points).
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Figure 3 — One allowable pattern and possible distribution of the 25 measurement points across the
entire field of view for measuring P, that meets the requirements of 6.5.3.4
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6.5.4 Derivation of test results

Using all 25 measurements, compute the Gaussian associated circle. For each of the 25 measurements,
calculate the Gaussian radial distance R.

Calculate the probing error, Pg,p, as the range of the 25 Gaussian radial distances, R,2x — Rmin-

6.6 Probing error of the imaging probe, Pr,,p

6.6.1 Principle

The| principle of the assessment method for the probing error is to establish whether the CMM ‘ig capable of
megsuring within the stated maximum permissible probing error, Pryop ype, Py determining the range of
distgnces of the measured points from the centre of the Gaussian associated circle.

6.6.2 Measuring equipment

Theltest circle shall have a nominal diameter between 10 % to 30 % of the smallest axis of the field of view.
Thel form of the test circle shall be calibrated, since form deviation influerices the test result, and shall be
takgn into account when proving conformance or non-conformance with the specification.

6.6.3 Procedure

6.6.5.1 The user is free to choose the imaging probing*System configuration and location of the mounting
of the test circle within the specified limits.

6.6.5.2 Set up and qualify the probing system in‘accordance with the manufacturer's normal procedures.
6.6.5.3 Position the test circle to be nominally parallel to the focal plane of the imaging probe.

6.6.5.4 Measure and record 25 points:" The points shall be approximately evenly distributed|around the
full gircle (approximately every 14,4 degrees). The position of the points shall be at the discretion [of the user,
taking into account the following.

— | The position of the test gircle, within the image of the imaging probing system, is at the discietion of the

the test circle in Figure-4 is one of many possibilities that would meet the requirements of this
should not be considered a default nor required position.

The measuring-windows in the field of view shall not overlap.
25 different measuring windows shall be used.

The CMM shall not be moved between measurements points.

user. Figure 4 shows ene-optional position. Only one position shall be chosen for the test. The¢ position of

clause and

6.6.4 Derivation of test results

Using all 25 measurements, compute the Gaussian associated circle. For each of the 25 measurements,
calculate the Gaussian radial distance R.

Calculate the probing error, Pgyop, as the range of the 25 Gaussian radial distances, R 5« — Rmin-
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Figure 4 — Allowable position of the test circlewithin the field
of view that meets the requirements of 6.6.3.4
liance with specifications

ptance test

eptance criteria

The performpance of the CMM equipped with.imaging probes is verified if

— thelen
length
approp
into ac

and

gth measurement errors (£} or E|; values) are within the respective maximum permissible err
measurement, Eg ypp) OF Ey ypgs as specified by the manufacturer when plotted on
riate diagram as indiCated on Figure 12, Figure 13 or Figure 14 of ISO 10360-1:2000, and ta
count the uncertainty according to ISO 14253-1 and ISO/TS 23165,

limits

the.repeatability range, Rg \p_ O Ry vpL, @s specified by the manufacturer when plotted or

br of
the
King

Sible
the

— the cosrltesponding repeatability range (Rg or R values) are within the respective maximum permiss

appro

iate diagram as indicated on Figure 12, Figure 13 or Figure 14 of ISO 10360-1:2000, and ta

King

into account the uncertainty according to ISO 14253-1 and ISO/TS 23165,

and

— the probing error (Pg,p values) are within the maximum permissible error of the probing error, Prop vpg,
as specified by the manufacturer when plotted on the appropriate diagram as indicated on Figure 12,
Figure 13 or Figure 14 of ISO 10360-1:2000, and taking into account the uncertainty according to

ISO 14

22

253-1 and ISO/TS 23165,
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— the probing error of the imaging probe (Pgyop values) and the imaging probe length measurement error
(Egy or Eyy values) are within the respective maximum permissible errors as specified by the
manufacturer when plotted on the appropriate diagram as indicated on Figure 12, Figure 13 or Figure 14

of 1SO 10360-1:2000, and taking
ISO/TS 23165.

into account the uncertainty according to

The performance of the CMM equipped with imaging probes is also verified if:

and

and

and

and

For
spe

the XY length measurement errors (FBA‘. or FUX‘.’ values) are within the respective maximum

ISO 14253-1 and

permissible

errors of length measurement, Egxy \ype OF Eyxy, mpes @S specified by the manufacturer whe
the appropriate diagram, as indicated on Figure 12, Figure 13 or Figure 14 of ISO 10360-
taking into account the uncertainty according to ISO 14253-1 and ISO/TS 23165,

where relevant,

the Z length measurement errors (Eg; or E 7 values) are within the respective maximum

the appropriate diagram as indicated on Figure 12, Figure 13 or Eigure 14 of 1SO 10360-1
taking into account the uncertainty according to ISO 14253-1 and ISO/TS 23165,

where relevant,
Egq, mpes as specified by the manufacturer when plottéd on the appropriate diagram as i

Figure 12, Figure 13 or Figure 14 of ISO 10360-1:2000, and taking into account the uncertaint
to ISO 14253-1 and ISO/TS 23165,

the probing errors (Pgop values) are within the maximum permissible error of the probing error
as specified by the manufacturer-when plotted on the appropriate diagram as indicated of
Figure 13 or Figure 14 of ISO, 10360-1:2000, and taking into account the uncertainty a
ISO 14253-1 and ISO/TS 23165,

where specified,

the probing error_of the imaging probe (Pgy,p values) and the imaging probe length measur

manufacturerwhen plotted on the appropriate diagram as indicated on Figure 12, Figure 13
of ISO 10860-1:2000, and taking into account the uncertainty according to 1SO 14
ISO/TS.23165.

imaging probe CMMs with limited two- and three-dimensional measuring capability, the ma|

h plotted on
:2000, and

permissible

errors of length measurement, Egz \pe OF Eyyz vpes @s specified by thiéymanufacturer when plotted on

:2000, and

the squareness errors (Egq values) are within the maximum permissible error of the squarg¢ness error,

hdicated on
y according

» PE2D, MPE>
Figure 12,

ccording to

ement error

(Egy or Eyy Malues) are within the respective maximum permissible errors as specixed by the

r Figure 14
253-1 and

nufacturer's

Cifications may not include Ex ymoe, Eiy woe, Erz wmpee, Eiliz mpe OF Eeqa wpe. N these

cases, the

verification of the imaging probe CMM does not require these tests (see 5.3.2).
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7.1.2 Data rejection and repeated measurements

71.21 Length measurement errors

For Eg or E,, a maximum of five of the 35 sets (or 36 sets if 6.2.3.3 is required) of three repeated

measurements in accordance with 6.2.3 may have one (and no more than one) of the three values of
length measurement error outside the conformance zone.

the

For Egz or E,7, a maximum of one of the five sets of three repeated measurements in accordance with 6.2.4

may have one (and no more than one) of the three values of the length measurement error outside
conformance zane

the

For Egxy o Eyxy, @ maximum of three of the 20 sets (or 21 sets if 6.2.5.3 is required) of three~repe
measuremgnts in accordance with 6.2.5 may have one (and no more than one) of the three values of
length meagurement error outside the conformance zone.

For Egy, or Ey, @ maximum of three of the 20 sets of three repeated measurements in accardance with §
may have pne (and no more than one) of the three values of the length measurement error outside
conformande zone.

Each such| measurement that is outside the conformance zone (according™to 1SO 14253-1) shall
re-measured three times at the relevant position.

If all the values of the errors of indication of a calibrated test length from the three repeated measurements
within the cpnformance zone (see ISO 14253-1), then the performance of the CMM is verified at that positi

71.2.2 epeatability range of the length measurement error, Rg or R

For Eg or k£, if a calibrated test length is re-measured agcording to 7.1.2.1, then the range of the t
repeated measurements shall be used to determine the corresponding Ry or Ry at that position, and the t
original measurements shall be discarded.

No additionpl repeated measurements (beyond that:allowed by 7.1.2.1) shall be performed.

7.2 Revarification test
The performpance of the CMM used for(mgasuring linear dimensions is considered to have been reverified

relevant tegt results, described in 6.2, 6.3, 6.4, 6.5 and 6.6, are not greater than the corresponding maxin
permissiblelerrors and maximum_permissible limits, as determined in 7.1.

8 Applications

8.1 Accedptance test

In a contradtual situation between a manufacturer and a user such as that described in a

hted
the

2.6
the

be

are

nree
nree

f all
hum

— purchasing contract,
— maintenance contract,
— repair contract,

— renovation contract, or

— upgrading contract,
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the acceptance test specified in this part of ISO 10360 may be used as a test for verifying the performance of
the CMM equipped with imaging probes in accordance with the specification for the stated maximum
permissible errors and maximum permissible limits as agreed upon by the manufacturer and the user.

The manufacturer is permitted to specify detailed limitations applicable to the stated maximum permissible
errors and maximum permissible limits. If no such specification is given, the stated maximum permissible errors
and maximum permissible limits apply for any location and orientation in the measuring volume of the CMM.

8.2

Reverification test

In an organization's internal quality assurance system, the performance verification described in this part of
10360 can be used as a reverification test to verify the performance of the CMM used fof measuring
linear dimensions in accordance with the specification for the maximum permissible errorshan
permissible limits as stated by the user. The user is permitted to state the values of, and-to-spe

IS

limi

ation applicable to maximum permissible errors and maximum permissible limits.

NOTE 1 As the tester accounts for the test uncertainty according to the decision rules in,ISO 14253-1, a

test

where, typically, the tester is the user) may have a different conformance zone than afraeceptance test.

I maximum
Cify detailed

reverification

NOTE 2 In acceptance testing, the conformance zone is derived from the Jmanufacturer's spedfications. In
reverification testing, the reverification limits may be derived from the user's metrological needs.

8.3

Interim check

In gn organization's internal quality assurance system, a reduced performance verification m

peri
ma
des

cribed in this part of ISO 10360 may be reduced. by using fewer measurements and po

Annex A).

NOTE This part of 1ISO 10360 is primarily concerned with acceptance and reverification testing. Inte
often associated with quality assurance. See the*SO/TS 15530 series of documents for further discussion

meag

surement uncertainty associated with CMM measurements.

by be used

bdically to demonstrate the probability that the CMM conforms with specified requirements rggarding the
imum permissible errors and maximum permissible limits. The extent of the performance verification as

sitions (see

im testing is
bf the role of
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9

Indication in product documentation and data sheets

The symbols of Clause 4 are not suitable for use in product documentation, drawings, data sheets, etc.
Table 3 gives the corresponding indications which are allowed for that purpose.

26

Table 3 — Symbols and corresponding indication in product documentation,
drawings, data sheets, etc.

Symbol used in this part of ISO 10360 Corresponding indication
Eg EB
Rg RB
Ey EU
Ry RU
Epz EBZ
Eyz EUZ
Enxy EBXY
Euxy EUXY
Egy EBX
Eux EUX
Egy EBY
Euy EUY
Esq ESO
Egy EBV.
Euy EOV
Prop PF2D
Prvap PFV2D
Eg, mPE MPE (EB)
Rg, mpL MPL (RB)
Ey, MPE MPE (EU)
Ry, mpL MPL (RU)
Egz mPE MPE (EBZ)
Euz mPE MPE (EUZ)
Epxy, mpE MPE (EBXY)
Eyxy>npEe MPE (EUXY)
EBx, MPE MPE (EBX)
Es mpe MPE (ELIX)
Egy, MPE MPE (EBY)
Eyy, mpe MPE (EUY)
Esq, MPE MPE (ES0Q)
Egyv, mpPE MPE (EBV)
Eyy, mpE MPE (EUY)
Prop, MPE MPE (PF2D)
Prvop, MPE MPE (PFV2D)
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Annex A
(informative)

Interim check

A.1 Interim check of the CMM

It i§ strongly recommended that the CMM be checked regularly during the periods between periodic
revgrification. The interval between checks should be determined from the environmentalcconditipns and the
megsuring performance required. The CMM should be checked immediately after any/significant event that
can|have affected CMM performance.

Artgfacts other than those calibrated test lengths that are described in Annex(B,'-may also be psed in the
intefim test. The measurements should be made directly after the performance verification test; the positions
and|orientations of the artefacts should be noted and subsequently repeated.

Degending on the measurement tasks for which the CMM is used;‘the most relevant of the following
commonly used artefacts should be chosen; some examples are given below:

— |a purpose-made test piece that has features representing typical geometrical shapes, is dimensionally
stable, mechanically robust, and which has a surface" finish that does not significantly affect the
uncertainty of measurement;

— |aball plate;

— |a grid plate;

— |a ball bar;

— |aline scale;

— |acircular artefact (e.g. asring’gauge).
It is|strongly recommended-that the artefact material have a CTE similar to typical workpieces measured with
the CMM. The method.involving the mathematical adjustment to low CTE artefacts described in Apnex D may

be @ised in interim{iesting; however, it is crucial that the temperature of the low CTE artefact ysed for the
adjystment be measured with an independent thermometer that is not part of the CMM.

A.2 Interim testing and the comparison to specifications

In some cases, it may be desirable to perform an interim test such that the results can be compared to the
manufacturer's specifications. In this case, a calibrated test length, as described in Annex B, should be used
and the measurement procedures described in this part of ISO 10360 followed.

In order to minimize the time to perform the interim test an abbreviated test procedure should focus on those
test positions that most commonly reveal a problem with the CMM. For example, the measurement of a single
long test length in each of the body diagonals will generally more readily reveal CMM errors than the
measurements of five test lengths along a CMM axis.

Each of the errors of indication from the interim test should be less than the corresponding specification,

e.g. Eg \pg, provided the test is conducted according to the procedures of this part of ISO 10360 and the
environmental conditions are within those stated by the manufacturer.
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Annex B
(normative)

Artefacts that represent a calibrated test length

B.1 General

For reasong of economy, availability and practicality, it is the intent of this part of ISO 10360 to allow'seVeral
types of artefacts to be used in testing a CMM provided they are appropriately adjusted (as described in|this
annex) to yield the same measurand, a calibrated test length.

A calibrated test length, as measured by the procedures of this part of ISO 10360, is designéd to detect three
categories ¢f CMM errors:

a) geomefrical and thermal errors associated with the CMM between the two endpoints of the test length

b) errors associated with the imaging probing system;

bility problems as evaluated, in effect, by a single probing point’on each end of the calibrated|test

B.2, B.3 andl B.4 describe common artefacts that may be used asc, calibrated test length.

In some cages, these artefacts may not be available or sufficiently long, particularly when testing very large
CMMs. In this case, both parties may agree to use other‘means to generate a calibrated test length. These
might inclufle length standards that are “stitched” together (i.e. overlapped end-to-end) to form a lopger
artefact, or|other types of laser-based lengths, e.g\produced by multilateration. In the latter case, isgues
associated |with the absence of contact probing shall be accounted for (see B.3 and B.4). In all such cases,
the procedure shall be documented and the.‘uncertainties associated with these techniques shall be
considered [carefully.

A laser intefferometer that is corrected for the index of refraction of air has a zero CTE (o= 0). Hence, if|it is
used to profluce a calibrated test length, it is considered a low CTE material and is subject to the requiremgnts
of 6.2.3.3 pr 6.2.5.3. Additionally,)if the laser has a workpiece (material) temperature sensor, then|the
workpiece CTE in the laser's seftware shall be set to 0. If a laser is used on a temperature-compensated MM,
then the warkpiece CTE in theZlCMM's software shall be set to 0.

When a lasgr interferormeter is used to produce a calibrated test length, the CMM shall be positioned at a goint
described Hy nominal, coordinates, without probing a surface. In this case, some CMMs may not arrive af the
nominal position exactly. This does not necessarily result in an error of indication as long as the CMM reports
the actual position. Consequently, for each test length, the spatial distance between the reported GMM
coordinateq of )points A and B shall be evaluated and compared with the distance indicated by the laser
interferometer. It has to be ensured that the CMM coordinates used for the calculation of the error include all
compensations that would be considered during the probing process.

Some artefacts such as step gauges, line scales, multi-ball ball bars, ball plates, and laser interferometry can
produce multiple lengths relative to a “reference zero”. For example, a step gauge can measure lengths “A” to
“B”, “A” to “C”, etc., or an interferometer can measure the displacement from an initial position to a series of
subsequent positions (each of different length). In order to provide equivalency to gauge blocks, the reference
position, i.e. the “zero”, shall be re-measured each time a calibrated test length is produced. That is, the “A” to
“B” length and the “A” to “C” length must each have its own “A” measured anew. Similarly, with interferometry,
the initial position shall be re-measured for each displacement used to produce a calibrated test length.
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B.2 Bidirectional measurements

B.2

.1 General

The measurement of a bidirectional test length involves probing a single point on each diametrically opposing
end of an appropriate calibrated bidirectional gauge, and these probing points shall be approached from any
direction allowed under normal operation of the CMM; see Figure B.1. Internal and external bidirectional test
lengths shall not be mixed on a measurement line. Several possible bidirectional measurement methods are
described below.

NO

=1 Lt fibia t
L= |

NOT

.l B HRa—-aabraackh-cld tH an-inflian i £ - +
e PToomMgapPpPTroatr o CC o Car ottt e TCSuUnt S O triiote ot

E2 It is advisable that each probing point be located at the calibrated gauging points of the artefact.

® ®
SUII® ® ® ® ®
a) Gauge block or b) Step gauge or c) Ball bar d) Circle artefact
linewidth linescale (endpoint-to-endpoint
measurement)
Key,|
® probing point
Figure B.1 — Examples of bidirectional test lengths, each probed
with a single point on opposing ends of the gauge

B.2l2 Gauge blocks and linewidths (me€asured in a bidirectional manner)
A calibrated bidirectional test length may.be produced using a calibrated gauge block or linewidth measured

with
B.2

Ac
with

B.2
A ¢

(son
cen

a single-point-to-single-point methed.

L3 Step gauges or linescales (measured in a bidirectional manner)

blibrated bidirectional test length may be produced using a calibrated step gauge or linescalg
a single-point-to-single-point bidirectional method.

L4 Ball bars/ball plates/multi-circle artefacts (measured in a bidirectional manne

plibratedbidirectional test length may be produced using a ball bar/ball plate or multi-cin
hetimes- called dot plates or dot grids) where the length is equal to the calibrated ¢
re=to-centre length plus one half the calibrated diameter of each sphere/circle. The gauge is 1

e measured

)

cle artefact
phere/circle
neasured in

a sikg

B.2

Tt o ToT

.5 Circle/sphere artefacts (measured in a bidirectional manner)

A calibrated bidirectional test length may be produced using a single sphere or circle artefact where the length is
equal to the calibrated diameter of the sphere or circle. The gauge is measured in a single-point-to-single-point,
bidirectional manner.
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B.3 Unidirectional measurements

B.3.1 General

For the purposes of this part of ISO 10360, unidirectional test lengths are any test lengths that are not
bidirectional. They include step gauges measured in a unidirectional manner, centre-to-centre distances of
ball plates and ball bars, and some methods of laser interferometry (see Figure B.2). Several possible
unidirectional measurement methods are described below.

When using imaging probe CMMs, the probing direction is usually independent of the surface being probed.

F th £ Ll 4 £1OMN 1402000 41 b ot ball kb bad £ ~H tH Ll ‘”nd
Or e pur}UOUO VT Ullo pdit UT'ToU TUVUUU, UTC YTUVITTY YUTITTILO olldil VU dypPTuacvliicu Tmulit dily UimrcUuult difuyvo

under normgl operation of the CMM.

NOTE 1 The probing approach direction can influence the results of this test.

NOTE 2 It is advisable that each probing point be located at the calibrated gauging points of the artefact.
v D
a a ® ® ®
® ® ®
a) Step gauge or linescale b) Multi-circle artefact c) Stair step gauge

d) Multiple gauge blocks e) Laser without probing

Key
® probing point

Figure B.2 — Examples of unidirectional measurements

B.3.2 Step gauges orlinescales (measured in a unidirectional manner)

A calibrateq unidirectional test length may be produced using a calibrated step gauge or linescale meastred
with a single-point-to-single-point unidirectional method.

B.3.3 Circle plates/dot plates (measured as the unidirectional distance between centres)
A calibrated unidirectional test length may be produced using a circle plate artefact where the length is equal

to the calibrated circle centre-to-centre length. Each circle is measured using only three single probing points,
90 degrees apart, and such that only a single point is taken along the measurement line.

B.3.4 Stair step gauge

A calibrated unidirectional test length may be produced using a calibrated stair step gauge with a single-point-
to-single-point unidirectional method.

NOTE The stair step gauge can be useful for testing E\z.
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