INTERNATIONAL ISO
STANDARD 10360-5

Second edition
2010-09-15

Geometrical product specifications
(GPS) — Acceptance andreverification

tests for coordinate measuring machines
(CMM) —

Part 5:
CMMs using single and multiple stylus
contacting probing systems

Spécification géométrique des produits (GPS) — Essais de féception et
de vérificationpériodique des machines a mesurer tridimensjonnelles
(MMT) —

Partie 57 MMT utilisant des systémes de palpage a stylet simple et a
stylets multiples

= —_—— Reference number
=, — ISO 10360-5:2010(E)

© SO 2010


https://standardsiso.com/api/?name=881eab90e816b13a9eb76311eaa55beb

ISO 10360-5:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2010

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — Al rights reserved


https://standardsiso.com/api/?name=881eab90e816b13a9eb76311eaa55beb

I1ISO 10360-5:2010(E)

Contents

o T =31V oY (o
8o o 11 e 4 oY
1 — Scope

2 NOIrMAatiVe refer@nCeS........cciiiiiiiiie i rressss e e e s s s s asa e s e ressnsnsssnsereessnnnnnnnns dius ¥0
3 Terms and defiNitioNS .......cceeeeiiiiiiiiii s e n e e e e s s mans s e e s eesnbatnnsnres
4 L0111 o e 3P ot SRR
5 Requirements for metrological characteristics...........ccooccmmmmiriiccciiecrnenn e
5.1 Single-stylus probing @rror ..........iicccvrcernrersrsccsseeere s s sssssmsessesesss g diohnnenesssssssssssnnennns
5.2 Single-stylus probing configuration............. i
5.3 Multi-stylus probing errors and values...........cccccciiiiiiiciciieneee G e
54 Multi-stylus probing configurations..............ccocciiies e e
5.5 £ . R
5.6 Environmental cONitioNs ........cceeiiiiiiiiiieciirse s s e s dna s s s e ns s s rsnnssssensssssennssssennssssenns
5.7 Operating conditions ...........cccoooomiiiiiiiciciirrceeee e s
6 Acceptance tests and reverification tests ..........qc. i ———
6.1 1= o 1= - |
6.2 Single-stylus probing configuration............. e ——————
L0720 (B - o o [T o £ o O
L0720 7 & 4 13 T3 1 o ] -
6.2.8 Measuring eqUIPMENT ........ccoiiiiiimimieee e S s essrerssssssssssssssse e rrer s s s s srrssssrnsnsssssnnnsnnnnnnnnnnnnnnmnnn
6.2. [ (o Yo=Y o [T - Y
6.2. Derivation of teSt reSUILS ........... i e e s s s e s s aan s s ranassnsenns
6.3 Fixed multi-probe and multi-stylus probing systems..........ccccccvcmminiimnnnine,
6.3. T T3 1 o N
6.3. Measuring eqUIPMENt ... ...l e
6.3. [ (0 Yo=Y o [T = e
6.3. D F 1= I 1 -1 YT e
6.4 Articulating prohing SYStemMS........cccuiiiiiiiiimmiirerr s
6.4. e T e o [
6.4. Measuring eQUIPMENt ... s s nas
6.4. [ ad (o Yo=Y o [ 0] = 0 S
6.4. [ T 172 I 1 4 - 1 YT
7 Compliance with specification..........ccco i ————
71 ACCEPtaNCe tESES ... e
7.2 ReVverification tESES .......cciiiiiiiiiiciiiir i e e e aa e ran e ana e
8

8.1 Acceptance teStS ... e
8.2 ReVverification teSES .......cciiiiiiiiii i s ss e s ranarraaa e na e ranarraanaarrrann
8.3 103 =Y T T e 1= o3 [N
9 Indication in product documentation and data sheets............cccoeriiiirrininincrnnnnncsnsnnnsne,

Annex A (informative) Symbols and subscripts

Annex B (informative) Checking the probing system prior to the ISO 10360-2 test

Annex C (informative) Interpretation of multi-stylus test results...........ccccoviriiinniniiincinninee,

Annex D (normative) Maximum permissible error/limit figures

© 1SO 2010 — All rights reserved



https://standardsiso.com/api/?name=881eab90e816b13a9eb76311eaa55beb

ISO 10360-5:2010(E)

Annex E (informative) Relation to the GPS matrix model .........cccccmimiiiicccimriir s 28

= T 0] [ oY T -1 ] 52 30

iv © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=881eab90e816b13a9eb76311eaa55beb

Fo

I1ISO 10360-5:2010(E)

reword

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
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F[governmentat, In_liaison with 150, also take part In the Work. SO collaborates close
national Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Drafi Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

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

10360-5 was prepared by Technical Committee ISO/TC,243, Dimensional and geometr
Cifications and verification.

second edition cancels and replaces the first edition (ISO 10360-5:2000), which has been
s5ed, and ISO/PAS 12868:2009.

10360 consists of the following parts, under th€,general title Geometrical Product Specificatio
pptance and reverification tests for coordinate’measuring machines (CMM):

Part 1: Vocabulary

Part 2: CMMSs used for measuring finear 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 Gaussian associated features

Part 7+~CMMs equipped with video probing systems

y with the

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

Standards

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

ct of patent

cal product

technically

s (GPS) —

The

DAt Q- OMMAMMe aith mdtinla nrobinag cvotame
Part-9-CMis-with-rrttiple-probing-systerrs
following parts are under preparation:

Part 8: CMMs with optical distance sensors

Part 10: Laser trackers for measuring point-to-point distances
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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 of size,
distance, radius, angle, form, orientation, location, run-out and datums.

For more d
model, see

The accepf
measuring
probe posit

Experience
at times, th
system con
format only
features, u
articulated-
The situatig

single-

installa
installa
installa
multi-p
It is believq
uncertainty
removing ¢

set.

The tests in
system, ang

Btailed iInformation on the relation of this part of ISO 10360 1o other standards and the GPS m
Annex E.

ance and reverification tests described in this part of ISO 10360 are applicable 40 .coordi
machines (CMMs) that use contacting probes, with or without multiple styli or multiple articulg
ons, when measuring a workpiece.

has shown that the multi-stylus errors calculated using this part of ISO 10360 are significant
e dominant errors in the CMM. Owing to the virtually infinite variety. 'of’ modern CMM pro
figurations, the tests specified by this part of ISO 10360 have been limited to providing a teg
The tests are intended to provide information on the ability of a,€MM to measure a featur|
5ing a contacting probe and, when relevant, using multiple <tyli, multiple probes or mul
brobe positions.

ns to which they are applicable include

5tylus probing systems,

multipl¢ styli connected to the CMM probe (e.g. a star)

tions using an articulating probing system‘(motorized or manual) that can be prequalified,

tions using a repeatable probe-changing system,

tions using a repeatable stylus-changing system, and

robe installations.

d that the procedures given in this part of ISO 10360 will be helpful in identifying CMM syd

components for-specific measurement tasks, and that the user will be able to reduce error
bntributing eléments such as long probe extensions and styli, then retesting the new configurg

this part of ISO 10360 are sensitive to many errors attributable to both the CMM and the pro
areto be performed in addition to the length-measuring tests given in ISO 10360-2.

htrix

hate
ted-

and,
bing
ting
e or
tiple

tem
5 by
tion

bing

The primary objective is to determine the practical performance of the complete CMM and probing system.
Therefore, the tests are designed to reveal measuring errors which are likely to occur when such a combined
system is used on real workpieces, e.g. errors generated by the interaction between large probe-tip-offset
lengths and uncorrected CMM rotation errors. The errors found here differ from those found in the E| tests in
ISO 10360-2:2009, 6.5, because with multiple styli the net CMM travel may be very different from the
measured length. See Annex C for more information.

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

Part 5:
CMMs using single and multiple stylus contacting probing
systems

1 |Scope

Thig part of ISO 10360 specifies acceptance and periodic reverification tests of CMM perforjnance with
conjacting probing systems and is only applicable to CMMs using

— |any type of contacting probing system,
— |a discrete point probing mode, and
— |spherical or hemispherical stylus tip(s).

It complements 1SO 10360-7, which is the module for CMMs with video probing systems, and ISO 10360-2,
whi¢h is universal, i.e. not probe-type specific.

NOTE It is the CMM probing performance tests which are specified by the maximum permissible errors|(MPEs), due
to the impracticality of isolating the performance of the probing system from that of the CMM, even on a gmall artefact
such as a test sphere.

Thig part of ISO 10360 applies.to CMMs supplied with any of the following:
a) |single-stylus probing-system;

b) [multi-stylus pfobing systems with fixed multiple styli attached to a single probe (e.g. “star” stylys);
c) |multipleprobing systems such as those with a stylus for each of their probes;

d) |systems with articulating probing;

e) stylus and probe changing systems;
f)  manual (non-driven) CMMs.

This part of ISO 10360 is not applicable to non-contacting probing systems, which require different testing
procedures.

The terms “multi-stylus size error”, etc., should strictly be written “combined CMM and multi-stylus probing-
system size error”, etc. For convenience, the wording has been truncated.

If it is desired to isolate the probing-system performance as far as is practical, the influence of the CMM can
be minimized. See Annex C for more information.

© 1SO 2010 — All rights reserved 1
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2 Norm

ative 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.

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

easuring machines (CMM) — Part 2: CMMs used for measuring linear dimensions

ISO 14253
measuring
specificatio

ISO/IEC GU
(VIM)

1, Geometrical Product Specifications (GPS) — Inspection by measurement of workpjeces
equipment — Part 1: Decision rules for proving conformance or non-conformance
NS

ide 99, International vocabulary of metrology — Basic and general concepts and,associated te

3 Terms and definitions

For the plrposes of this document, the terms and definitions given*in 1SO 10360-1, 1SO 1425

ISO/IEC GU

NOTE 1
ISO 10360-1
introduced W
symbols use

3.1
inferred pr

ide 99 and the following apply.

[his clause contains eight definitions (3.6 to 3.13) which supersede fourteen similar definitions in Clause
2000. Some of these revised definitions are required to aveid ambiguities which would otherwise have

th this edition of ISO 10360-5. Others effectively supersede identical definitions in ISO 10360-1, becaus
I have been revised and expanded for clarification. The superseded definitions are 9.3, 9.4 and 9.15 to 9,

bbing-system qualification

probing-system qualification method where the parameters for each probing system attached to an articuls

system are
position(s)
positions

3.2

inferred by interpolation, extrapolation, or other relevant model, for significantly different ang
from parameters acquired by _empirical probing-system qualification (3.3) at a few andg

angular pogitioning device qualification

establishme
for subsequ

3.3
empirical g

nt of the parameters-of the angular positioning device in an articulating probing system neces
ent inferred prohing-system qualification (3.1)

robing-system qualification

probing-system qualification method where the parameters for each probing system attached to an articula

system mug

t beracquired by measurement of the reference sphere at each angular position used

and
with

rms

9 of
een
b the
6.

tion
ular
ular

sary

tion

3.4

effective stylus tip diameter
diameter used for the tip correction vector, for compensating measured feature size, etc.

NOTE 1

NOTE 2

3.5

For the position of the tip correction vector, see ISO 10360-1:2000, Figure 4.

The effective stylus tip diameter may be a parameter established by a probing-system qualification.

probing-system pre-qualification
probing-system qualification which is separated from subsequent measurement by probe or stylus change(s),
and/or articulating probing-system re-orientation(s)

© 1SO 2010 — All rights reserved
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3.6

multi-stylus form (measurement) error

Prry

error of indication within which the range of Gaussian radial distances can be determined by a least-squares
fit of points measured on a test sphere, the measurements being taken with five different styli on the one test
sphere located anywhere in the measuring volume by a CMM using the discrete-point probing mode

See ISO 10360-1:2000, Figure 15.

NOTE 1 The character P in Per; indicates that the error is associated with the probing-system performance, and the
subscript F indicates that it is a form error. The subscript T indicates that the probing system conforms to Clause 1 of this
partjof ISO 10360 (i.e. tactile), thus enabling any alternative probing system to be clearly identified by the use|of a different
charjacter at * in PF*j.

NOTE 2  There are four multi-stylus form errors based on different probing systems and methods,'6f opefation. These
are @lesignated as follows:

j =E, an articulating probing system using empirical qualification;

j =1, an articulating probing system using inferred qualification;

Jj =M, a fixed multi-stylus probing system;

j =N, a fixed multi-probe system.

NOTE 3  All the symbols used in this part of ISO 10360 are listed inJAnnex A.

3.7
multi-stylus size error
Psr,
errgr of indication within which the diameter of a‘test sphere can be determined by a least-squareg fit of points,
the [measurements being taken with five different styli on the one test sphere located anywhere in the
measuring volume by a CMM using the diserete-point probing mode

NOTE 1 The subscript S in Pgr; indicates/that it is a size error.

NOTE 2  All the symbols used in this part of ISO 10360 are listed in Annex A.

3.8
multi-stylus location vatue
Py,
ma)imum of thesranges of the X, Y and Z coordinates within which the location of a test sphere can be
detgrmined by arleast-squares fit of points, the measurements being taken with five different stylij on the one
test|sphere located anywhere in the measuring volume by a CMM using the discrete-point probing mode

NOTE 1 The subscript L in Py indicates that it is a location value.

NOTE 2  All the symbols used in this part of ISO 10360 are listed in Annex A.
NOTE 3  All values are absolute.

3.9
single-stylus form error

Pery

error of indication within which the range of radii can be determined by a least-squares fit of points measured
on a test sphere, the measurements being performed by a CMM with a single stylus, using the discrete-point
probing mode, with points taken on the test sphere located anywhere in the measuring volume

See ISO 10360-1:2000, Figure 15.

© 1SO 2010 — All rights reserved 3
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NOTE 1

subscript U indicates use of a single (unique) stylus.

See 3.6 for information on F and T.
All such characters used in this part of ISO 10360 are listed in Annex A.

Peqy is identical to P in 1ISO 10360-2:2001.

single-stylus size error

The character P in Py indicates that the error is related primarily to the probing-system performance. The

subscript U ipdicates use of a single (unique) stylus. The subscript S in Pgr; indicates that it is a_size error.

NOTE 2
NOTE 3
NOTE 4
3.10
Psty
error of ind
sphere and
the discretq
volume
NOTE 1 T
NOTE 2 A
3.11
maximum
PET;, MPE
extreme va
CMM
NOTE 1 T
forms:
a) 1
b) )
c) 1
where
A
1

1

cation of the difference between the diameter of a least-squares fit of points measured.on.a
its calibrated diameter, the measurements being performed by a CMM with a single stylus, u
-point probing mode, with points taken on the test sphere located anywhere in the -measJ

[he character P in Pgq; indicates that the error is related primarily to the probing-system performance.

Il such characters used in this part of ISO 10360 are listed in Annex A.

permissible multi-stylus form error

ue of the multi-stylus form error (3.6), PEt), permitted Py specifications, regulations, etc. f]
'he maximum permissible value of the multi-stylus form error, Per; mpe» €@N be expressed in one of {

FTj, MPE = minimum of (4 + Lp/K) and B; or
F1j, MpE = (4 + Lp/K); or
=B

FTj, MPE

is a positive constant, expressed in micrometres and supplied by the manufacturer;

is a dimensionléss positive constant supplied by the manufacturer;

p is thedistance in 3D between the centres of the reference sphere and the test sphere, in millimetres;

is\the maximum permissible error PFTJ. MPE: IN micrometres, as stated by the manufacturer.

test
5ing
ring

The

pra

hree

These forms

NOTE 2

are shown in Figures D.1, D.2 and D.3.

A maximum permissible error (MPE) as opposed to a maximum permissible limit (MPL) specification is used

when the test measurements determine errors; hence, testing an MPE specification requires the use of calibrated artefacts.

NOTE 3

3.12

Per; vpe €N be specified by probe-tip-offset length or by the stylus system description.

maximum permissible multi-stylus size error

Pst1; MPE

extreme value of the multi-stylus size error (3.7), Psrj, permitted by specifications, regulations, etc. for a

CMM

© 1SO 2010 — All rights reserved
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NOTE1  The maximum permissible value of the multi-stylus size error, Pgr; ypg, Can be expressed in

-5:2010(E)

one of three

forms:
a) Pgr;, mpe = Minimum of (4 + Lp/K) and B; or
b) PSTJ,’ mpE = (4 + Lp/K); or
c) Pstj mpE = B
where
A is a positive constant, expressed in micrometres and supplied by the manufacturer;
K is a dimensionless positive constant supplied by the manufacturer;
Lp is the distance in 3D between the centres of the reference sphere and the test.sphere, in milli
B is the maximum permissible error PSTj’ MPE: IN micrometres, as stated byrthe' manufacturer.
These forms are shown in Figures D.1, D.2 and D.3.

NOT
whe

NOT

3.13
maj

P 1
extr]

NOT
form

a)

E2 A maximum permissible error (MPE) as opposed to a maximum permissible limit (MPL) specifid

E3 PSTJ,’ mpE €an be specified by probe-tip-offset length or by.the stylus system description.

fimum permissible limit of the multi-stylus location value

, MPL

eme value of the multi-stylus location value(3.8), Py, permitted by specifications, regulati
VM

E1 The maximum permissible limit-of\the multi-stylus location value, Pi1j mpL C@N be expressed in
s .

PLTj’ mpL = Minimum of (& Lp/K) and B; or

Piy; wpL = (4 + LgiK)or

PLTj, mpL =B

A~ is a positive constant, expressed in micrometres and supplied by the manufacturer;

K is a dimensionless positive constant supplied by the manufacturer;

Mmetres;

ation is used

h the test measurements determine errors; hence, testing an MPE spegification requires the use of calibrated artefacts.

bns, etc. for

one of three

Lp is the distance in 3D between the centres of the reference sphere and the test sphere, in millimetres;

B is the maximum permissible limit PLTf mpL: IN micrometres, as stated by the manufacturer.

These forms are shown in Figures D.1, D.2 and D.3.

NOTE2 A maximum permissible limit (MPL) as opposed to a maximum permissible error (MPE) specific
when the test measurements are not errors; hence, testing an MPL specification does not require the use of artefacts with

arel

evant calibration.

NOTE 3 Pi1j mpL CaN be specified by the probe-tip-offset length or by the stylus system description.

© 1SO 2010 — All rights reserved
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3.14

maximum permissible single-stylus form error

Pety, MPE

extreme value of the single-stylus form error (3.9), Pr, permitted by specifications, regulations, etc. for a

CMM

See ISO 10360-1:2000, Figure 15.

NOTE 1 Pery wpe €an be specified by probe-tip-offset length or by the stylus system description.
NOTE 2 Pt vpe is identical to MPFr in ISO 10360-2-2001
4 Symbols

For the purpose of this document, the symbols of Table 1 apply.

Table 1 — Symbols

Symbol Meaning

A Positive constant, expressed in micrometres and supplied by the manufacturer, used to express a maxinpum
permissible limit or error

K Dimensionless positive constant supplied by the manufacturer, tsed to express a maximum permissible |imit
or error

Lp Distance in 3D between the centres of the reference sphere-and the test sphere, in millimetres

B Maximum permissible error (e.g. Pry;, mpe) Or limit¥(e.g. Pr1; mpL), in micrometres, as stated by|the
manufacturer

R Gaussian radial distance

1 Fixed multi-stylus probing-system stylus length

Iy Single-stylus length

Io Fixed multi-probe-tip-offset length

In Articulating probing-system/prebe-tip-offset length

XY, Z Centre coordinates

Ey Length measurement\error with minimal probe-tip-offset length

Ep mpE Maximum permissible error of length measurement with minimal probe-tip-offset length

E_ Length measurement error with probe-tip-offset length L

EL mPE MaximGm*permissible error of length measurement

j=E Articulating probing system using empirical qualification

j=1 Articulating probing system using mierred qualiication

j=M Fixed multi-stylus probing system

j=N Fixed multi-probe system

Prre

Py .
Multi-stylus form error, Pgy;

Prtm

PrTN

6 © 1SO 2010 — All rights reserved
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Table 1 (continued)

Symbol Meaning
PgTE
PsT . .
Multi-stylus size error, Pgr;
Pstm
PstN
Pi1e
Pr7 i .
Multi-stylus location value, P, 1;
Prpy
Prr
Peqy Single-stylus form error
Pstu Single-stylus size error
PFTE, MPE
Pr1|, MPE . . .
Maximum permissible multi-stylus form error, Pe1; mpe
Pr1v, MPE
Pr1N, MPE
PsTE, MPE
Pg1y, MPE . . . .
Maximum permissible multi-stylus size error, Psy;.\pPe
Ps1m, MPE
Ps1N, MPE
PiTE, MPL
Prrf, mpL . o i .
Maximum permissible limit of the(multi-stylus location value, P\ 1; mpL
P, MpL
PLTN, MPL
Perly, pe | Maximum permissible single-stylus form error
5 |Requirementsfor metrological characteristics
5.1| Single-stylus probing error
The] single=stylus form error, Pg, shall not exceed the maximum permissible single-stylus |form error,
Petl) mpEY@S stated by
— lLthe monllfor\hlrnr, in-the case of ar\r\apfonr\n +ae+e7 or

— the user, in the case of reverification tests.

The single-stylus form error, Ppr, and the maximum permissible single-stylus form error, Peyy ypg, are
expressed in micrometres.

NOTE 1 The single-stylus probing error also applies to CMMs used with fixed multiple probes, fixed multiple styli and
articulating probing systems (see 6.2.1).

NOTE 2  The influences that contribute to the single-stylus form error, Pry;, are also normally manifested in the values
found for £, and E in ISO 10360-2.

© 1SO 2010 — All rights reserved 7
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5.2 Sing

le-stylus probing configuration

The limits of the probing-system configuration (stylus, stylus extensions, stylus orientation, weight of stylus

system, etc

.) to which the stated value of Prry; \pg applies shall be stated by

the manufacturer, in the case of acceptance tests, or

the user, in the case of reverification tests.

In both cases, the user is free to choose the way in which the components of the probing system are

athin-tha cnocificad loaite  ond tha racniramaanta Af 8 9 oo ralayant

configured
Use of a sty

NOTE1 A
stylus probin

NOTE2

5.3 Mult

On fixed m
shall not g
permissible

On fixed m
exceed the

PLN, MPL-

On articula
errors, Pt

Prri, mpes B

On articula
errors, Per
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lus relevant to a typical workpiece measuring task is recommended.

j system.

[he limits of the probing-system configuration in this subclause may differ from thosejin\5.4.

-stylus probing errors and values

lti-stylus probing systems, the multi-stylus form and size errors],Pg1y, P, @nd the value A
xceed the corresponding maximum permissible errors, P& wipe: Pstm mpe, and maxin

Llti-probe systems, the multi-stylus form and size errors,"Prry, Pstn, @nd the value Py shal
corresponding maximum permissible errors, Prry ypes PsTN, MpEs @nd maximum permissible

ing probing systems using inferred probing-system qualification, the multi-stylus form and
, Pg7), and the value P ), shall not exceed the corresponding maximum permissible er
STI, MpE, @nd maximum permissible limit-2 1 ypy -

ing probing systems using empirieal probing-system qualification, the multi-stylus form and
L, Pste, and the value P 1g, ‘shall not exceed the corresponding maximum permissible er
’sTE, MpE, @Nd maximum permissible limit P tg ypy -

um permissible errors; PFT), MPE and Pstj, MPE: and maximum permissible limit, P1;, mpLs

nufacturer, in the case of acceptance tests, or
r, in the gase of reverification tests.

and. values, and their corresponding maximum permissible errors and limits, are expresse

D.

n articulating probing system used at a single angular position, with a single stylus, is deemed'to be a single-

LT™M
num

not
imit

Size
ors,

Size
ors,

are

d in

NOTE

and location-

related (P

Multi-stylus probing performance is broadly categorized into form-related (PFTj) and size-related (PST].) errors,
) values. Different combinations of these will be important for the uncertainty of the different

measurement tasks. For example, the form and size results may contain information on the ability of the CMM system to
use multiple stylus tip diameters in the measurement of a single geometrical feature. See also Annex C.

For articulating systems, data for only one method, either inferred or empirical, are required.
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Multi-stylus probing configurations

The limits of the probing-system configuration (stylus, stylus extensions, probe extensions, weight of stylus
system, etc.) to which the stated values of MPE and MPL apply shall be stated by

the manufacturer, in the case of acceptance tests, or

the user, in the case of reverification tests.

In both cases, the user is free to choose the way in which the components of the probing system are

con

figured within the specified limits and the requirements of 6 3 or 6 4 _as relevant

A nm
sing

NOT

NOT

anufacturer may exclude the use of stylus tips of different nominal diameters in the measu
le geometric feature, by declaring this restriction in the manufacturer's list of approved styli’(sef

E1 The limits of the probing-system configuration in this subclause may differ from those in 5.2.

E 2  An articulating probing system used at multiple angular positions, even when) used with a sin

deelned to be a multi-stylus probing system.

5.5

The)
with
hav
proq
leng

5.6

Lim
the

In b
ISO

The)

the
errg

5.7

Styli
styli used in the tests specified in Clause 6 shall be those approved by the CMM manufact
the CMM, i.e. made of the same material, of the same stylus-shaft diameter and nominal
ng the same stylus-tip quality. However, it is recognized that the exact stylus lengths ug

edures might not be available, and therefore, a stylus:length variation of 6 mm or 10 % of
th, whichever is the greater, may be used.

Environmental conditions

ts for permissible environmental conditions’such as temperature conditions, air humidity and
site of installation that influence the measurements shall be specified by

the manufacturer, in the case of.acceptance tests, or
the user, in the case of reverification tests.

oth cases, the user is(free to choose the environmental conditions under which the testing in

user is responsible for providing the environment enclosing the CMM as specified by the mar
data sheet (lf-the environment does not meet the specifications, then none of the maximum
rs or limits in this part of ISO 10360 can be required to be verified.

Operating conditions

rement of a
p 5.5).

gle stylus, is

Lirer for use
length, and
ted for test
he nominal

vibration at

this part of

10360-5 will be perfarmed within the manufacturer's specified limits given in the CMM data sheet.

ufacturer in
permissible

For the tests specified in Clause 6, the CMM shall be operated using the procedures given in the
manufacturer's operating manual. Specific areas of the manufacturer's manual to be adhered to include

a)

machine start up/warm up cycles,
stylus system configuration and assembly,
cleaning procedures for the stylus tip, test sphere and reference sphere,

probing-system qualification,

when specified by the manufacturer, the location of the reference sphere as stated in the operating

manual.
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All stylus tips, the reference sphere and the test sphere shall be cleaned before the probing-system
qualification to eliminate residual film which might affect the measuring or test results.

IMPORTANT — Ensuring that approximate thermal equilibrium of the probing system is achieved

during the

probing-system qualification and testing procedure is critical.

6 Acceptance tests and reverification tests

6.1

General

In the follow

accept

reverifi

6.2 Sing

6.2.1

Subclause
fixed multip
one of the g

6.2.2 Prin

The princip
to attribute
25 points is

The results
is consider:
system (se

ing subclauses
hnce tests are executed according to the manufacturer's specifications and procedures, and

Cation tests are executed according to the user's specifications and the manufagturer's procedu

le-stylus probing configuration

Application

5.2 applies to the single-stylus probing configuration and CMMs*used with fixed multiple pro
e styli and articulating probing systems. One of the multiple\xprobes, or one of the multiple sty
rticulating orientations, may be used for this test. See 6.2.4.1 for their orientation.

ciple

e of this test procedure is to measure a test sphere using 25 points probed with a single stylus
the observed form error to the probing system. A least-squares (i.e. Gaussian) sphere fit of
examined for the form errors of indicatior. This analysis yields the single-stylus form error Pgt

of these tests may be highly dependent on the stylus length. Therefore, a series of stylus len
d (see Figure 1); only those lengths the CMM manufacturer specifies as applicable to the pro
5.2) shall be eligible for test:

Single-stylus length
lu

MPE(PFTU)

pm

I, =20 mm

I, =30 mm

I, =50 mm

ly=100 mm

res.

bes,
i, or

and

the

Oths
bing

Figure 1 — Sample single-stylus configuration specification sheet

6.2.3 Measuring equipment

The material standard of size, i.e. the test sphere, shall have a diameter not less than 10 mm and not greater
than 50 mm. The test sphere shall be calibrated for form. Performing the test described in Annex B (as well as
in multi-probe and multi-stylus tests — see 6.3.3) requires that the size of the test sphere also be calibrated.

It is recommended that the form error of the test sphere does not exceed 20 % of Prry ype, OF Prry vpes @S

relevant.

10
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The reference sphere supplied with the CMM for probing-system qualification purposes shall not be used for

this

test.

6.2.4 Procedure

6.2.4.1

The stylus length shall be chosen by the user from the following values: 20 mm, 30 mm, 50 mm

and 100 mm (see Figure 1). Only one of the lengths specified by the CMM manufacturer as applicable to the
stylus system shall be chosen by the user and tested. The stylus components shall be those approved for use
with the CMM probing system (see 5.2), unless otherwise specified. See 5.5 for permitted tolerances on the
stylus length.

ating mode
procedures
ng volume.

ere may be

ver at least

They stylus orientation shall be parallel to the ram axis, unless otherwise specified.

Anyl change of orientation of the stylus may significantly affect the test result.

On dual ram CMMs, two separate tests should be run, one with each ram, both in-simplex ope
(seg 1SO 10360-2:2009).

6.2.4.2 Set up and qualify the probing system in accordance with the manufacturer's normal
(see¢ 5.2, 5.5and 5.7).

6.2.4.3 One location of the test sphere shall be chosen by the user anywhere in the measur
To avoid interference between the probing system and the reference sphere, the reference sph
remjoved from the table during the test.

Theltest sphere should be mounted rigidly to minimize errors due to bending.

6.2.4.4 Measure and record 25 points. The points“shall be approximately evenly distributed ¢
a hemisphere of the test sphere. Their position shallibe at the discretion of the user and, if not specified, the
follqwing probing pattern is recommended (see Figure 2):

one point on the pole (defined by the direction of the stylus shaft) of the test sphere;
four points (equally spaced) 22,5%bélow the pole;

eight points (equally spaced) 45° below the pole and rotated 22,5° relative to the previous groy
four points (equally spaced) 67,5° below the pole and rotated 22,5° relative to the previous grg

eight points (equally spaced) 90° below the pole (i.e. on the equator) and rotated 22,5° re
previous group:

© 1SO 2010 — All rights reserved
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Key
1 pole

Figure 2 — Target contact points

6.2.5 Derjvation of test results

6.2.5.1 Using all 25 measurements, compute the Gaussian (i.e. least-squares) associated sphere.

6.2.5.2 For each of the Z5 measurements, calculate the Gaussian radial distance, R. Record the range of
Gaussian radial distances of the 25 points with respect to the least-squares sphere centre, i.e. Ry 2« — Rmins
the apparent sphere form. The absolute value of this difference is the single-stylus form error, Pgr.

NOTE See also Annex B when running this test prior to the tests in ISO 10360-2.
6.3 Fixed multi-probe and multi-stylus probing systems

6.3.1 Principle

The principle of this test procedure is to measure the form, size and location of a test sphere using five
different fixed styli.

12 © 1SO 2010 — All rights reserved
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Each stylus probes 25 points on the test sphere, for a total of 125 points for all five styli.

If a stylus or probe changing system is supplied with the CMM, five changes shall be performed, one before
each stylus is used. For each group of 25 points taken with a single stylus, associate a least-squares sphere
fit, for a total of five sphere fits.

The ranges of the centre coordinates (X, Y and Z) of all five spheres are calculated. The largest of these three
ranges yields the multi-stylus location value (P or P 1y)- In addition, a least-squares sphere fit using all
125 points is examined for the form and size errors of indication. This analysis yields the multi-stylus size error
(PsTMm OF Pgn) @nd multi-stylus form error (Pep of Prry)-

ies of stylus lengths is considered (see Figures 3

When a multi-probe system is used, the results of these tests are highly dependent on the offset lehgths to the
styllis tips. A series of tip offset lengths is considered (see Figure 4), all measured from a single point on the
ram| axis defined by the CMM manufacturer. Only those offset lengths that the CMM-manufacturer gpecifies as
applicable to the probing system shall be eligible for test.

Fixed multi-stylus-system stylus length MPE(PFTM) MPE(PSTM) MPE(PLTM)
/ um gm um

/=10 mm

/=20 mm

/=30 mm

/=50 mm

/=100 mm

/=200 mm

/=400 mm

Figure 3 — Sample fixed multi-stylus probing-system specification sheet

Fixed multi-probe-tip-offset length MPE(PFTN) MPE(PSTN) MPE(PLTN)
ly um um um

o =50 mm

Io =100 mm
lo =200 mm
lo =400 mm

Figure 4 — Sample fixed multi-probe system specification sheet

Only those stylus or probe-tip-offset lengths applicable to the CMM under consideration should be assigned
MPE and MPL values in Figures 3 and 4; non-applicable entries may remain blank.

6.3.2 Measuring equipment

The material standard of size, i.e. the test sphere, shall have a diameter not less than 10 mm and not greater
than 50 mm. The test sphere shall be calibrated for size and form.

It is recommended that the form error of the test sphere does not exceed 20 % of Prry ype, OF Prry, mpes @S
relevant.

© 1SO 2010 — All rights reserved 13
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The reference sphere supplied with the CMM for probing-system-qualification purposes shall not be used for
this test.

6.3.3 Procedure

6.3.3.1 When a multi-stylus system is used, construct a “star” stylus system composed of one stylus
parallel to the axis of the probe and four styli in a plane perpendicular to the axis, each oriented 90° with
respect to those adjacent to it. The distance from the probe to the styli connection point shall be the minimum
distance possible (consistent with the manufacturer's recommendations) using the stylus components
normally supphed with the CMM (see F|gure 5). The applicable values of stylus Iength [, shall be equal and

On dual ran CMMs, three of the stylus tips shall be mounted on one ram, and two of the-stylus tips on| the
other ram, all in duplex operating mode (see ISO 10360-2:2009).

Key
1 ram
2 probe

[ fixed multi-stylus probing-system length

NOTE Fortarity; omy fourof thefive stytiand-omy three staftsare visibie:

Figure 5 — Fixed multi-stylus probing system of stylus length /

6.3.3.2 When a multi-probe system is used, attach a short (unless otherwise specified, 20 mm), straight
stylus to each of five probes. Assemble them with suitable probe extension components to form a “star” probe
system composed of one probe parallel to the axis of the ram and four probes in a plane perpendicular to the
axis, each oriented 90° with respect to those adjacent to it. The distances from each of the five stylus tips to a
single reference point on the ram axis, the probe-tip-offset lengths, shall all be approximately equal. The
applicable values of probe-tip-offset length, /5, shall be specified by the CMM manufacturer, and shall be
chosen from the following values: 50 mm, 100 mm, 200 mm and 400 mm (see Figure 4). Only one of the
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offset lengths specified by the CMM manufacturer as applicable to the probing system shall be chosen by the
user and tested. The probing and stylus components shall be those approved for use with the CMM probing
system, unless otherwise specified. However, it is recognized that the exact offset lengths required for the test
procedure may not be available, and therefore, a change to the nominal value of the offset length of 6 mm or
10 % of the nominal length, whichever is the greater, may be used.

On dual ram CMMs, three of the probes shall be mounted on one ram, and two of the probes on the other ram,
all in duplex operating mode (see ISO 10360-2:2009).

6.3.3.3 The five stylus tips shall not be restricted to a single nominal diameter unless such a restriction is
explicit in the CMM manufacturer's specification (see 5.4).

6.3.
proq

3.4
edures.

Qualify the probing system in accordance with the CMM manufacturer's normagl operating

6.3.
To
rem

B.5 One location of the test sphere shall be chosen by the user anywhere in‘ttie measur
bvoid interference between the probing system and the reference sphere, theyreference sph
oved from the table during the test.

ng volume.
ere may be

The|test sphere should be mounted rigidly to minimize errors due to bending.

NOTE The location of the test sphere can significantly affect the results, See*Annex C for further information.

6.3.3.6 Measure the test sphere using 25 points with eachystylus, for a total of 125 points.| The points
shal|l be approximately evenly distributed over at least a hemisphere of the test sphere. Their posifion shall be
at the discretion of the user. The recommended point-sampling strategy is the same as for the gingle-stylus

test|(6.2).

lus is used,
ints on the
axis. This is

When the support stalk for the test sphere is locatedon the vertical centre line and a horizontal sty
then access should be optimized by orienting thé’probing pattern so that each of the eight pqg
equptor is at 22,5° to a CMM axis, and the four points in the adjacent plane are at 45° to the Z
illusfrated in Figure 2, if the lower view is considered to be an elevation.

However, if the test sphere is small relative to its support stalk diameter and/or the stylus tip diam
the pight points on the equator cannotbe equispaced at 45° over an arc of 315°, then it is recomr
the pight points are equispaced over. the available arc.

If alstylus or probe changing\system is supplied with the CMM, all five styli shall be qualified, ang
probbes returned to the rack) before running this test. Five changes shall be performed during th
styllis or probe being ehanged once. However, if fewer than five styli or probe stations are ava

pter, so that
hended that

the styli or
b test, each
lable in the

han once to
em shall be

chapging system, the-maximum number shall be used, with some styli or probes changed more t
achleve a total offive changes. In the case of a “star” stylus or “star” probe system, the star syst
returned to the rack and picked up again.

NOTE If.the probing-system assembly is identical to that chosen for the single-stylus probing test (see
no needdo'make the same measurements twice with the one stylus.

6.2), there is

6.3.4 Data analysis

6.3.4.1 Associate a least-squares sphere fit for each group of 25 points taken with a single stylus, for a
total of five sphere fits. Calculate the range of the centre coordinates (X, Y and Z) of all five spheres. The
largest of these three ranges yields the probing-system location value, P 1y, or P 1y, as relevant.

6.3.4.2 Associate a least-squares sphere fit for all 125 points taken with all five styli. Record the absolute
value of the deviation of the sphere fit diameter from the calibrated value of the material standard of size to
give the multi-stylus size error, Pgq); or PgTy, as relevant. Similarly, record the range of radii of the 125 points
with respect to the least-squares sphere centre, i.e. R 4 — Rmin the apparent sphere form. The absolute
value of this difference is the multi-stylus form error, Py, or Pgry, as relevant.
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NOTE According to 6.3.3.3, the five tips are permitted (unless explicitly specified otherwise) to have significantly
different nominal diameters, and even when they have the same nominal diameters, generally no two tips will have
identical effective diameters. If the CMM software does not correctly handle multiple tip diameters when measuring a
single feature, then these five different effective tip diameters may cause increased error values Pgry; and Peqy, O Pory
and Pgqy, as relevant.

6.4 Articulating probing systems

6.4.1 Principle

The principle_of these tests is to measure the form, size and location of a test sphere using five different
angular positions of an articulating probing system (see Figure 6). At each angular position, 25 points| are
measured gn the test sphere, for a total of 125 points using all five positions.

N \

0//1

2

I

1 ram

2 articulating probe holder
3 probe extension

4 probe

5 stylus

[, probe-tig-offset length

Figure 6 — Articulating probing system in the vertical position

If a stylus- or probe-changing system is supplied with the CMM, perform five changes, one before each of the
angular positions used. Associate a least-squares sphere fit with each group of 25 points taken at each
angular position, for a total of five sphere fits.

CMMs with articulating probing systems may use either empirical or inferred qualification data for
measurement. Therefore, to prevent ambiguity, the maximum permissible errors and limits for a CMM using
empirical qualification are labelled Prre vpes Pste mpe @nd PL1e, ypL, While the maximum permissible errors
and limits for a CMM using inferred qualification are labelled Prr) ypg, Ps1i, mpe @nd Py, mpr- Similarly, the
errors and values obtained when using empirical qualification are labelled Pprg, Pgtg and P 1g, while the
errors and values obtained when using inferred qualification are labelled Pg, P57 and P 1.
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The ranges of the centre coordinates (X, Y and Z) of all five spheres are calculated. The largest of these three
ranges yields the probing-system location value (P g or P 7). In addition, a least-squares sphere fit using all
125 points is examined for the form and size errors of indication. This analysis yields the multi-stylus size error
(PsTE OF PgTy) @and multi-stylus form error (Pgyg or Per)).

Since the results of these tests are highly dependent on the probe-tip-offset length, a series of tip offset
lengths is considered (see Figures 7 and 8), all measured from the centre of rotation of the articulation system.
Only those lengths the CMM manufacturer specifies as applicable to the articulating probing system shall be
eligible for test.

MPE(PFTE) MPE(PSTE) MPL(PLTE)

probe-tip-offset length um pm pm

In

Ipn =50 mm

In=100 mm

In =200 mm

In =400 mm

Figure 7 — Sample articulating probing-system specification sheet for empirical qualification

Articulating probing-system
probe-tip-offset length

In

MPE(PFTI) MPE(PSTI) MPL(PLTI)
um um um

Ipn =50 mm

In=100 mm

In =200 mm

In =400 mm

Figure 8 — Sample articulating-probing-system specification sheet for inferred qualifigation

Only those probe-tip-offset lengths applicable to the CMM under consideration should be assigngd MPE and
MPL values in Figures 7 and 8; non-applicable entries may remain blank.

6.4.2 Measuring.equipment

Thel material standard of size, i.e. the test sphere, shall have a diameter not less than 10 mm and| not greater
than 50 mm»Fhe test sphere shall be calibrated for size and form.

It is| recommended that the form error of the test sphere does not exceed 20 % of Prre ype OF Prri, wpes @S
relehant

The reference sphere supplied with the CMM for probing-system qualification purposes shall not be used for
this test.

6.4.3 Procedure

6.4.3.1 Attach a short (unless otherwise specified, 20 mm), straight stylus to the probe, then attach them
to the articulating probing system with a suitable probe-extension component. The applicable values of probe-
tip-offset length, /5, shall be specified by the CMM manufacturer, and shall be chosen from the following
values: 50 mm, 100 mm, 200 mm and 400 mm (see Figures 7 and 8). Only one of the offset lengths specified
by the CMM manufacturer as applicable to the probing system shall be chosen by the user and tested. The
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stylus and probe-extension components shall be those approved for use with the CMM probing system,
unless otherwise specified.

However, it is recognized that the exact probe extension lengths required for the test procedures may not be
available, and therefore, a probe-tip-offset length variation of 6 mm or 10 % from the nominal value, whichever
is greater, is permitted.

6.4.3.2 When testing for Prre mpes PsTE. mPe @nd PL1e mpL IS required, qualify the probing system in
each of five angular positions in accordance with the CMM manufacturer's normal operating procedures. The
five angular positions shall consist of one stylus parallel to the axis of the probe and four styli in a plane
perpendicular to the axis, each oriented 90° with respect to those adjacent to it.

On some C
may be unz
by £ 90° ab

On dual rar
positions us

6.4.3.3

system sha
qualification
system for {

The user ig
those which
the probing

On dual rar
positions us

6.4.3.4
To avoid in
removed frg

The test sp

IMM configurations (e.g. on some horizontal-arm CMMs), some of the above five angular_pesit
ttainable or impractical. In such cases, the specified pattern of angular positions shouldbe rot
but either the X or Y axis, as appropriate to the CMM configuration.

n CMMs, three of the angular positions should be qualified using one ram, anéhtwo of the ang
ing the other ram, all in duplex operating mode (see 1ISO 10360-2:2009).

When testing for Per yipes Psti, mpe @nd Py, mpL IS required, then the-qualification of the pro
| be executed in accordance with the CMM manufacturer's normal operating procedure for infe
. The user shall then choose any five widely spaced angular positions of the articulating pro
his test.

were used to qualify the articulating system (if known)<and from those which were used to qu
system under test.

n CMMs, three of the angular positions should be‘qualified using one ram, and two of the ang
ing the other ram, all in duplex operating mode{see ISO 10360-2:2009).

One location of the test sphere shall be“chosen by the user anywhere in the measuring voly
terference between the probing systemand the reference sphere, the reference sphere ma
m the table during the test.

nere should be mounted rigidly.te minimize errors due to bending.

The locatiof of the test sphere can significantly affect the results. See Annex C for further information.

6.4.3.5
125 points.

The points

Measure the test\sphere using 25 points measured in each angular position, for a totd

position sh

shall be approximately evenly distributed over at least a hemisphere of the test sphere. T
Il be atthe discretion of the user. The recommended point-sampling strategy is the same ag

ons
hted

ular

bing
rred
bing

advised to choose angular test positions for inferred qualification which are remote both from

alify

ular

me.
be

| of

heir
5 for

then access should be optimized by orienting the probing pattern so that each of the eight points on the
equator is at 22,5° to a CMM axis and the four points in the adjacent plane are at 45° to the Z axis. This is
illustrated in Figure 2, if the lower view is considered to be an elevation.

However, if the test sphere is small relative to its support stalk diameter and/or the stylus tip diameter, so that
the eight points on the equator cannot be equispaced at 45° over an arc of 315°, then it is recommended that
the eight points are equispaced over the available arc.

At least one articulation shall be made after qualification and before measuring the test sphere, for each of the
five angular positions.
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If a stylus or probe changing system is supplied with the CMM, all five angular positions of the chosen
probing-system assembly (6.4.3.1) shall be qualified, and the stylus or probe returned to the rack, before
running this test. Five changes shall be performed during the test, the stylus or probe being returned to the
rack after measuring the test sphere in each angular position.

NOTE If the probing-system assembly and one of the angular positions are both identical to those chosen for the
single-stylus probing test (6.2), there is no need to make the same measurements twice at that angular position.

6.4.4 Data analysis

6.4.4.1 Associate a least-squares sphere fit with each group of 25 points taken at an angular position, for
a total of five sphere fits. Calculate the range of the centre coordinates (X, Y and Z) of all five-spheres. The
largest of these three ranges yields the probing-system location value, P, tg or P 1, as relevant:

6.4.4.2 Associate a least-squares sphere fit with all 125 points taken with all five ‘angulgr positions.
Redord the absolute value of the deviation of the sphere-fit diameter from the calibrated value of the material
starjdard of size to give the multi-stylus size error Pgrg or Pgt), as relevant. Similarly,record the range of radii
of the 125 points with respect to the least-squares sphere centre, i.e. R, — Ry’ the apparent sphere form.
Thejabsolute value of this difference is the multi-stylus form error, Prg or Pgqyp as relevant.

NOTE Although just one physical stylus tip is used in these tests, the effective diameter of that tip| may not be
identical in all five angular positions. If the CMM software does not correctly handle multiple tip diameters whgn measuring
a single feature, then these five different effective tip diameters may cause increased Pgg and Perg, or Agp and Peqy,
errof values.

7 |Compliance with specification

7.1| Acceptance tests

The) single-stylus probing performance is verified if the measured single-stylus form error, Per, is not greater
thar) the relevant maximum permissible single-stylus form error, Peyyy ypg, @s specified by the manufacturer
and|taking into account the uncertainty of-measurement according to ISO 14253-1.

When relevant, the multi-stylus prebing performance is verified if

— |the measured multi-stylus/form error, P, is not greater than the relevant maximum permigsible multi-
stylus form error, Pegypg, @s specified by the manufacturer and taking into account the urjcertainty of
measurement aceording to 1ISO 14253-1;

— |the measured-multi-stylus size error, Psj, is not greater than the relevant maximum permisgsible multi-
stylus size ‘efror, Pgy; \pg, @s specified by the manufacturer and taking into account the urjcertainty of
measurement according to 1ISO 14253-1;

— |the, measured probing-system location value, Pt is not greater than the relevant maximum [permissible
nrabina-cvetam lacatian Lot Ao onanifin b tha maaniifanti e~y AnA taliim~ Tt ‘CCOUnt the

ProTmg— oy otCT T 1ToOCTtoOTrT T 1 L| | uyvunnvu Tyt o oo o e ar o tai Ty HHO

uncertainty of measurement accordmg to ISO 14253-1.

NOTE Evaluation of test uncertainty is discussed in ISO/TS 23165.

If the performance is not verified by all the relevant tests, all probing equipment shall be thoroughly checked
for dust, dirt or any operator-induced faults in stylus-system assembly that could be influencing the
measurement result, including the critical issue of ensuring that all probing-system components are in thermal
equilibrium. Any faults shall be corrected and the relevant test repeated once only, starting from
probing-system qualification and using the same target contact points.
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7.2 Reverification tests

The single-stylus probing performance is verified if the measured single-stylus form error, Pgy, is not greater
than the relevant maximum permissible single-stylus form error, Pgyyy ypg, as specified by the user and taking

into accoun

t the uncertainty of measurement according to ISO 14253-1.

When relevant, the multi-stylus probing performance is verified if

— the measured multi-stylus form error, P, is not greater than the relevant maximum permissible multi-
stylus form error, Pey; \pg, as specmed by the user and taking into account the uncertainty of

measu

rement accorqu to 1ISO 14253-1;
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rement according to 1ISO 14253-1;
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-system location limit, P 1; \pL, as specified by the user and taking into account the uncertain
rement according to 1ISO 14253-1.
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Any faults shall be corrected and the relevant test“«epeated once only, starting from

8 Applications

8.1 Accegptance tests

In a contrgctual situation between a supplier.and a customer such as that described in a purchaging,
maintenange, repair, renovation or upgrade c@nfract, the acceptance tests described in this part of ISO 14360
may be used to verify the single-stylus ,probing performance, and (when relevant) the multi-stylus QMM
system performance, in accordance wijth:the specified maximum permissible errors and limits agreed on by
the supplieq and the customer.

8.2 Revarification tests

The reverifjcation tests given in this part of ISO 10360 can be used in an organization's internal qujlity
assurance $ystem for verification of the single-stylus probing performance and (when relevant) the multi-stylus
CMM systgm performmance, in accordance with the specified appropriate maximum permissible errors [and
limits as stdted by the user with all possible and detailed limitations applied.

8.3 Interim’checks

In an organization's internal quality assurance system, reduced reverification tests can be used periodically to
demonstrate the probability that the CMM conforms to the requirements for maximum permissible errors and
limits specified in 7.2.

The extent of the interim checks for multi-stylus systems specified in this part of ISO 10360 may be reduced in
respect of the number of actual measuring points being assessed.

It is recommended that the probing system be checked regularly, and after any incident which could have
significantly affected the probing performance.
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9 Indication in product documentation and data sheets

I1ISO 10360-5:2010(E)

The alternative corresponding indications given in Table 2 are allowed for use in product documentation,
drawings, data sheets, etc. Many of the alternatives reduce the amount of small text in subscripts for improved

visibility and clarity.

Table 2 — Symbols and corresponding indications

Symbol Corres-
Description used in this | ponding
document | indication
Poditive constant, expressed in micrometres and supplied by the manufacturer A A
Dinjensionless positive constant supplied by the manufacturer K K
Disfance in 3D between the centres of the reference sphere and the test sphere, in 7 I
milllmetres P P
Maximum permissible limit, Pg7; wpg, in micrometres, as stated by the manufacturer B B
Galilssian radial distance R R
Fixsz multi-stylus probing-system stylus length I l
Single-stylus length Iy Iy
Fix¢d multi-probe-tip-offset length lo Io
Articulating probing-system probe-tip-offset length In Ia
Centre coordinates XY, Z XY, Z
Lergth measurement error with minimal probe-tip-offset length Ey EO
Maximum permissible error of length measurement with minimal probe-tip-offset length Eo mpE MPE(E0)
Lergth measurement error with probe-tip-offset length L E_ EL
Maximum permissible error of length measurement E| mpE MPE(EL)
Prre PFTE
, Pery PFTI
Multi-stylus form error, Pgy;
Prtm PFTM
PrTN PFTN
PsTE PSTE
. . Pgri PSTI
Multi-stylus size error, Pgt;
\ Pstm PSTM
PsTN PSTN
PLTe PLTE
, , Piy PLTI
Multi-stylus location error, Py t;
’ Pitm PLTM
PN PLTN
Singte=stytusformrerror PETU PFTU
Single-stylus size error PsTy PSTU
Pete, mpe | MPE(PFTE)
P MPE(PFTI
Maximum permissible multi-stylus form error, Pet; mpe FTl, MPE ( )
Perm, mpe | MPE(PFTM)
Prrn, mpe | MPE(PFTN)
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Table 2 (continued)

Symbol Corres-
Description used in this | ponding
document | indication

Pste, mpe | MPE(PSTE)
Psti,mpe | MPE(PSTI)
Pstv, mpe | MPE(PSTM)
Pstn, mpe | MPE(PSTN)
Pt wupL | MPL(PLTE)
P, wpL | MPLGPETT)

Prm, mpL | MRL(PLTM)
Prrn, mpL YHMPL(PLN)

Maximum permissible multi-stylus size error, Pst; mpe

Maximum pgrmissible limit of the multi-stylus location value, P\ 1; mpL

Maximum permissible single-stylus form error Prry, wre’ | MPE(PFITU)
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Annex A
(informative)

Symbols and subscripts

A.1 Characters listed in position order

I1ISO 10360-5:2010(E)

Four characters are associated with each MPE, MPL, error and limit value. They are referenced. bglow by their
positions, 1 to 4, e.g. error value 1,34 or MPE/MPL value 1534 ypg OF 1234 mpL

whdre the

Chgracter at position 1

Chgracter at position 2

Chgracter at position 3

Chgracter at position 4

indicates the scope of the errors:
P: associated with the Probing system
indicates the type of measuring error:
F: apparent Form error
L: apparent Location error
S: apparent Size error,
indicates the type of probe used:
T: contacting (i‘e. Tactile) probing
indicates the type of multiple probing system used:
Exarticulating system using Empirical qualification
I: articulating system using Inferred qualification
j:anyone of E, I, M or N (whichever is relevant)
M: multiple fixed styli (star)
N: multiple (i.e. Numerous) fixed probes

or, for the single-stylus probing test:

U: single (i.e. Unique) stylus

EXAMPLE Pery, wpe IS the maximum permitted form error when a contacting fixed “star” stylus is used.

© 1SO 2010 — All rights reserved
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Annex B
(informative)

Checking the probing system prior to the ISO 10360-2 test
B.1 1SO 10360-2:2009, 6.3.1 recommends that the tests in this part of ISO 10360 be run prior to beginning

the extensive testing described in ISO 10360-2, to quickly ensure that the probing system is operating within
specificatio

o.

B.2 Afterjrunning 5.2, check that Pgy; is within specification.

B.3 Using the size of the computed Gaussian associated sphere from 6.2.5.1, find the deviation of| the
sphere fit dfameter from the calibrated value of the material standard of size to give the singlesstylus size ¢rror,

Psty.

B.4 If thg value of Pgry is not adequately small relative to £y \pg @and £ \pg.-eheck the probe sygtem
performance and qualification procedure.

B.5 Repgat 5.2, B.2 and B.3 as necessary until a satisfactory resultis obtained, before starting|the
ISO 10360 tests.

B.6 Ther¢ is no separate specified maximum permitted error for Raqy), because it is included in Ej and E||.
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