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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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5 third edition cancels and replaces the second edition (ISO 10360-5:2010), which

so incorporates with a téchnical revision the tests contained within ISO 10360-4:2000 a
ncels and replaces [$0,10360-4:2000.

main changes tg:the previous edition are as follows:
the adoptiofief new symbology;
the addition of an optional ring gauge test;

changes to acceptable test parameters e.g. test sphere diameter;

enance are

ded for the
e with the

 subject of
. Details of
ion and/or

d does not

terms and
nce to the

fw.iso.org/

cal product
tion (CEN)
ification, in
eement).

has been

nd, as such,

changes to Location results evaluation including an opposing styll evaluation.

Alist of all parts in the ISO 10360 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document is a geometrical product specification (GPS) standard and is to be regarded as a general
GPS standard (see ISO 14638). It influences chain link F of the chains of standards on size, distance,
form, orientation, location and run-out.

The ISO GPS matrix model given in ISO 14638 gives an overview of the ISO GPS system of which this
document is a part. The fundamental rules of ISO GPS given in ISO 8015 apply to this document and
the default decision rules given in ISO 14253-1 apply to specifications made in accordance with this
document, unless otherwise indicated.

For more jietailed information about the relation of this document to other standards and the’[GPS

matrix mo
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machines (CMMs) that use contacting probes, with or without multiple Gtyli or mult
-probe positions, when measuring using discrete point and/or scanningmede.

has shown that the multi-stylus errors calculated using this document are significant

present the dominant errors in the CMM. Owing to the virtually.infinite variety of mod
ng system configurations, the description of the tests specified\by this document prov
Fotocol for specification, but the actual test coverage has beé€n limited to provide a pract
ests which are intended to reveal typical errors associated with probing configurat
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iple

hind,
ern
des
ical
ons

in a limitedl amount of time. The tests are intended to provide infofmation on the ability of a CMM to
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feature or features using a contacting probe and, when'televant, using multiple styli, mult
hultiple articulated-probe positions.

pons to which they are applicable include:

stylus probing systems;

le styli connected to the CMM probe.(e.g. a star);

htions using an articulating proliing system (motorized or manual) that can be prequalif
htions using a repeatable probe-changing system;

htions using a repeatable stylus-changing system;

htions including a.seanning probe, capable of being used in a scanning mode;

brobe installations.

ed that the(procedures given in this document will be helpful in identifying CMM sys

uncertaint
by remov

iy components for specific measurement tasks, and that the user will be able to reduce er
g contributing elements such as long probe extensions and styli, and then by retesting|

new configuration set.
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The tests in this document are sensitive to many errors, attributable to both the CMM and the
probing system, and are intended to be performed in addition to the length-measuring tests given in
ISO 10360-2.

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, for example 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 EL tests in ISO 10360-2, because with multiple styli the net CMM travel
may be very different from the measured length. See Annex C for more information.
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This document complements ISO 10360-7 (CMMs equipped with imaging probing systems), ISO 10360-8
(CMMs with optical distance sensors), ISO 10360-9 (CMMs with multiple probing systems) and
[SO 10360-2 (CMMs used for measuring linear dimensions).
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INTERNATIONAL STANDARD ISO 10360-5:2020(E)

Geometrical product specifications (GPS) — Acceptance
and reverification tests for coordinate measuring
systems (CMS) —

Part 5:

and
rete
ance with
— |any type of contacting probing system; and
— |spherical or hemispherical stylus tip(s).
NOTE CMM probing performance tests are specified byythe maximum permissible errors (MPES), due to the

impfacticality of isolating the performance of the probing.system from that of the CMM, even on a srhall artefact
such as a test sphere.

Thif document applies to CMMs supplied with-any of the following:
a) [single-stylus probing systems;

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

d) |systems with articulating probing systems;

e) |stylus and probe changing systems;

f) |manual (nop~driven) and automated CMMs;

g) |installations including a scanning probe, capable of being used in a scanning mode.

Thip documient is not applicable to non-contacting probing systems, which require different testing
progedures.

The term ‘combined CMM and multi-stylus probing system size error’ has been shortened to ‘multi-
stylus size error’ for convenience. This applies in similar cases.

If it is desirable to isolate the probing system performance as far as is practical, the influence of the
CMM can be minimized but not eliminated. See Annex C for more information.
2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

© IS0 2020 - All rights reserved 1
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IS0 10360-1, Geometrical Product Specifications (GPS) — Acceptance and reverification tests for coordinate
measuring machines (CMM) — Part 1: Vocabulary

IS0 10360-2, Geometrical product specifications (GPS) — Acceptance and reverification tests for coordinate
measuring machines (CMM) — Part 2: CMMs used for measuring linear dimensions

ISO 14253-1, Geometrical product specifications (GPS) — Inspection by measurement of workpieces and
measuring equipment — Part 1: Decision rules for verifying conformity or nonconformity with specifications

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)

3 Termis and definitions

For the pyrposes of this document, the terms and definitions given in ISO 10360-1, ISO 14253-1,
ISO/IEC Gdide 99 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresse

1%2]

— ISO Onlline browsing platform: available at https://www.iso.or

— IEC Elgctropedia: available at http://www.electropedia.org/

NOTE1 This clause contains fifteen definitions (3.7 to 3.9, 3.11 to 3.15,3.19 to 3.21, 3.23 and 3.25 to 3.27)
which supersede eighteen similar definitions in ISO 10360-1:2000, Clause 9. Some of these revised definitjons
are requirefl to avoid ambiguities which would otherwise have beenyintroduced with this document. Others
effectively $upersede identical definitions in ISO 10360-1, because ‘the symbols used have been revised|and
expanded fqr clarification. The superseded definitions in ISO 10360=1:2000 are 9.3, 9.4 and 9.11 to 9.26.

NOTE 2  All the symbols used in this document are listed jir-Clause 4.

NOTE 3  The definitions in this clause are intended to,concisely state the meaning of terms. For metrological
characteristics that have numerical values, the complete description of the procedure and derivation of|test
results in Clause 6 are to be followed in determining values.

NOTE 4  Hor all definitions and evaluations ifi this document we assume the form and location values tp be
zero, i.e. peffect form or zero location distance for a single test sphere. See 6.2.1 for limitations on test sphere
calibrated fprm.

31
rated operating condition
operating ¢ondition that n€eds to be fulfilled during measurement in order for a measuring instrunjent
or measuring system to-perform as designed

Note 1 to enptry: Rated gperating conditions generally specify intervals of values for a quantity being measiyred
and for any [nfluenee*quantity.

Note 2 to er1try: Within the ISO 10360 series, the term “as designed” means as specified by MPEs.

Note 3 to entry: If an MPE specification is thought of as a function (where different MPE values could be given for
different conditions), then the rated operating conditions define the domain of that function.

[SOURCE: ISO/IEC Guide 99:2007, 4.9, modified — Notes 2 and 3 to entry added.]

3.2

inferred qualification

probing system qualification method where the parameters for each probing system attached to
an articulation system are inferred by interpolation, extrapolation or another relevant model, for
significantly different angular position(s) from parameters acquired by empirical qualification (3.3) at a
few angular positions

2 © IS0 2020 - All rights reserved
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3.3

empirical qualification

probing system qualification method where the parameters for each probing system attached to an
articulation system need to be acquired by measurement of the reference sphere at each angular
position used

Note 1 to entry: “Reference sphere” is sometimes in industry referred to as “qualification sphere”.

3.4

effective diameter
stylus diameter used with the tip correction vector, for compensating stylus centre points to obtain
surface points

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

Notg 2 to entry: The effective stylus tip diameter may be a parameter established by a proljing system
qualification.

3.5
multi-stylus probing system
fixed orientation single probe that carries star styli or which through‘stylus changing can present styli
at the relevant orientations to be equivalent to a star stylus

Note 1 to entry: See Figure 6.

multi-probe system
system in which multiple probes with different fixed drientations are carried simultaneously

Note 1 to entry: See Figure 7.

multi-stylus form error

PFOIm.Sph.SXZS:j:Tact . . . . . .
obsprved form of a test sphere, the"measurements being taken with five different styli, dach taking

25 points (5 x 25) on the one test sphere using the discrete-point probing mode

Not¢ 1 to entry: See ISO 10360-1:2000, Figure 15.

Notg 2 to entry: The symibol P in Ppgpm spn 5x25;:Tace iNdicates that the error is associated with|the system
performance when local-sampling, and the subscript g, indicates that it is a form error. The spbscript g,
indifates that the test(s,performed using a sphere as a test artefact. The subscript r,., indicates thatfthe probing
systlem conforms t6,Clause 1 of this document (i.e. tactile), thus enabling any alternative probing system to be
cleafly identified by the use of a different set of characters at * in Ppqm sph 5x25:):%

Note¢ 3 to enthy: There are four multi-stylus form errors based on different probing systems and|methods of
operationiiThese are designated as follows:

— |j=MS, a fixed multi-stylus probing system (3.5);

— j=MP, a fixed multi-probe system (3.6);
— j=Emp, an articulating probing system using empirical qualification (3.3);
— j=1Inf, an articulating probing system using inferred qualification (3.2).

3.8
multi-stylus size error

PSize.Sph.S_XZS_:j:Tac_t . . . . .
error of indication of the diameter of a test sphere, the measurements being taken with five different
styli, each taking 25 points on the one test sphere by a CMM using the discrete-point probing mode

Note 1 to entry: The subscript g, in Pgj, sph 5x25.j:Tact iNdicates that it is a diameter size error.

© IS0 2020 - All rights reserved 3
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Note 2 to entry: Where j is replaced by MS, MP, Emp or Inf as applicable.

39

multi-stylus location error

Lo .
Dia.5x25:j:Tact
error of indication of the location of a test sphere as measured using the discrete-point probing mode

from five d

ifferent orientations

Note 1 to entry: The symbol L in Ly, 5.25.j:rac indicates that it is a location error.

Note 2 to entry: Where j is replaced by MS, MP, Emp or Inf as applicable.

3.10
opposing-

LDia.Proj.Sp_h
error of in

5tyli projected location error on a sphere

2x25:j:Tact
dication of the location of a test sphere as measured using discrete-point. probing f

opposing orientations

Note 1 to e
example, co

ntry: This gives the user an indication as to the performance of the system when measuring
taxiality of crank shaft journals using styli from opposing orientations.

Note 2 to enftry: Where j is replaced by MS, MP, Emp or Inf as applicable.

3.11
single-sty

PForm.Sph.lx
observed fi

using the d
Note 1toe

Note2toe

3.12
single-sty
Psize.5ph.1x2

|

us form error

25:SS:Tact . . .

brm of a test sphere, the measurements being performed by a CMM with a single stylus (
iscrete-point probing mode taking 25 points on a single sphere (1 x 25)

ry: See ISO 10360-1:2000, Figure 15.

ry: The subscript SSin Ppqrm sph 1x25:5s:Tact INHCates use of a single stylus.

us size error
5:SS:Tact

error of indlication of the diameter of a test sphere, the measurements being performed by a CMM

a single sty

3.13

lus, using the discrete-point*probing mode

scanning mode form error.éma sphere

PForm.Sph.Sc
observed f

an:k:Tact
brm of a test sphere, the measurements being performed by a CMM with a single stylus, u

scanning

ode

Note 1 to enftry: Where'k is replaced by the following designates as applicable: k = PP or NPP depending on sys
scanning mpde,pre=defined path (PP) or not pre-defined path (NPP).

fom

for

SS),

vith

bing

tem

3.14

scanning mode size error on a sphere

PSize.Sph.S_can:_k:Tac_t . . .
error of indication of the size of a test sphere, the measurements being performed by a CMM with a

single stylus, using scanning mode

Note 1 to entry: Where k is replaced by the following designates as applicable: k = PP or NPP depending on system
scanning mode, pre-defined path or not pre-defined path.

© IS0 2020 - All rights reserved
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3.15
scanning mode time

T_Sph.Scan:k:Tact .
time taken to perform the scanning test

Note 1 to entry: Where kis replaced by the following designates as applicable: k = PP or NPP depending on system
scanning mode, pre-defined path or not pre-defined path.

Note 2 to entry: Time is stated in seconds.

3.16

. Tk .
SCAIIIIIE MoUE TOTTIT €TTOT UIT a TTIZ Zauge

m.Cir.Scan:k.lo:Tact . . ] .
obsprved form of a ring gauge, the measurements being performed by a CMM using scafinihg{mode with

a sipgle stylus aligned to the ram axis if [, = 0 mm, or a single stylus orthogonal to:the ram axis with
I, =[150 mm as the default

Notg 1 to entry: Where k is replaced by the following designates as applicable: k = PP~oNPP depending on system
scafpning mode, pre-defined path or not pre-defined path.

Not¢ 2 to entry: Where [ is replaced with the relevant length of ram axis stiylus tip offset in the spefcification of
the manufacturer.

Not¢ 3 to entry: See Annex A for the test definition for this optional test.

Note 4 to entry: Ram axis stylus tip offset ], in this document is normally equivalent to ram axis styluf tip offset L
usedl in ISO 10360-2. An example where it is different is a horiZzental arm machine where the articulpted head is
moynted vertically.

3.1
scapning mode size error on a ring gauge

PSiz .Cir.Scan:k.lo:Tact . . . K .
errgr of indication of the size of a ring gauge, the measurements being performed by a (MM using

scapning mode with a single stylus aligined to the ram axis if [, = 0 mm; or a single stylus orthogonal to
the fram axis with /, = 150 mm as the-default unless otherwise specified

Note 1 to entry: Where k is replacediby'the following designates as applicable: k = PP or NPP depending on system
scafning mode, pre-defined patlror not pre-defined path.

Note 2 to entry: Where I isxceplaced with the relevant length of ram axis stylus tip offset in the specification of
the manufacturer.

Notg 3 to entry: See/Anriex A for the test definition for this optional test.

3.18
opposing-styli projected location error on a ring gauge

LDia.Proj.Ci_r.chn:j:T_act . . . . .
erl;])r of.indication of the location of a ring gauge as measured using scanning mode prpbing from

opplosing orientations

Note 1 to entry: This gives the user an indication as to the performance of the system when measuring, for
example, co-axiality of crank shaft journals using styli from opposing orientations.

Note 2 to entry: Where j is replaced by MS, MP, Emp or Inf as applicable.

3.19
maximum permissible multi-stylus form error

PForm.Sph.SXZS:j:Tact,MPE . . . .
extreme value of the multi-stylus form error (3.7), Pporm sph.5x25::Tac PETMitted by specifications

Note 1 to entry: See Annex D for how this MPE may be expressed.

Note 2 to entry: Where j is replaced by MS, MP, Emp or Inf as applicable.

© IS0 2020 - All rights reserved 5
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3.20
maximum permissible multi-stylus size error

PSize.Sph.5x25:j:Tact,MPE . . ) . .
extreme value of the multi-stylus size error (3.8), Ps;,e sph 5x25;:Tac PETMitted by specifications

Note 1 to entry: See Annex D for how this MPE may be expressed.
Note 2 to entry: Where j is replaced by MS, MP, Emp or Inf as applicable.

3.21
maximum permissible multi-stylus location error

Lpia 5x25::1fct MPE ] ] _ o
extreme vdlue of the multi-stylus location error (3.9), Lpj, 5x25j:mace Permitted by specifications

Note 1 to e:]:ry: See Annex D for how this MPE may be expressed.

Note 2 to enftry: Where j is replaced by MS, MP, Emp or Inf as applicable.

3.22
maximum| permissible opposing-styli projected location error on a sphere

LDia.Proj.Sph 2x25::Tact, MPE . . . )
extreme vplue of the opposing-styli projected location error on a sphere«(3.10), Lp;, proj sph.2x25:iract:

permitted py specifications

Note 1 to e:]:ry: See Annex D for how this MPE may be expressed.

Note 2 to enftry: Where j is replaced by MS, MP, Emp or Inf as applicable.

3.23
maximum| permissible single-stylus form error

PForm.Sph.le5:SS:Tact,MPE . . .
extreme vdlue of the single-stylus form error (3.11), Prqrm sph.1x25:5s:Tac PErMitted by specifications
Note 1 to entry: See ISO 10360-1:2000, Figure 15.

Note 2 to eptry: Ppqrm sph.ix2s:ss:Tact 1S specified’against an unambiguous description of the probe and stylus
make up.

3.24
maximum| permissible single-stylus size error

PSize.Sph.lXZ5:SS:Tact,MPE . . . . .
extreme vdlue of the single<stylus size error (3.12), PSize.Sph.lxzs:ss:Tacv permitted by specifications

Note 1 to entry: Pg;,q spn5¢75:5s:Tact, MpE 1S Specified against an unambiguous description of the probe and stylus
make up.

3.25
maximum| permissible scanning mode form error on a sphere
PForm.Sph.S tretaet MR - -
extreme value of the scanning mode form error on a sphere (3.13), Pgqrm sph scan:k:Tac PErmitted by
specifications

Note 1 to entry: Where k is replaced by the following designates as applicable: k = PP or NPP depending on system
scanning mode, pre-defined path or not pre-defined path.

3.26
maximum permissible scanning mode size error on a sphere

PSize.Sph.Scan:k:Tact,MPE . . .
extreme value of the scanning mode size error on a sphere (3.14), Pg;,c sph.Scan:kTacy Pe€rmitted by

specifications

Note 1 to entry: Where k is replaced by the following designates as applicable: k = PP or NPP depending on system
scanning mode, pre-defined path or not pre-defined path.
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3.27
maximum permissible scanning mode time

TSph.Scan:k:Tact,MPL . .
extreme value of the scanning mode time (3.15), Tgyp, scan:k:Tact

Note 1 to entry: Where kis replaced by the following designates as applicable: k = PP or NPP depending on system
scanning mode, pre-defined path or not pre-defined path.

Note 2 to entry: Maximum permissible scanning mode time is stated in seconds.

3.28

. - 33 . 1 c .
maKTImuIn PCIIIINSIVIC SUAIIIIITG ITNTUUC TUT T CTTOT Ul d 11Ty 54aUgt

PF01 m.Cir.Scan:k.lo:Tact, MPE . . . . .
extfeme value of the scanning mode form error on a ring gauge (3.16) with a ram axis sfylus {ip offset of

o’ *|Form.Cir.Scan:k.lo:Tact’ permitted by specifications

Note 1 to entry: Where kis replaced by the following designates as applicable: k = PP o NPP dependirlg on system
scaipning mode, pre-defined path or not pre-defined path.

Note 2 to entry: Where [, is replaced with the relevant length of ram axis stylusytip offset in the specification of
the manufacturer.

Note 3 to entry: See Annex A for the test definition for this optional test.

3.29
makimum permissible scanning mode size error on a ring gauge

PSiz3.Cir.Scan:k.Io:Tact,MPE . . . . . .
extreme value of the scanning mode size error on a ringggauge (3.17) with a ram axis stylus {ip offset of

Psize cirScan:k.loTacv PE€rMitted by specifications

Notg 1 to entry: Where k is replaced by the followingdesignates as applicable: k = PP or NPP depending on system
scafning mode, pre-defined path or not pre-defined path.

Not¢ 2 to entry: Where [ is replaced with the relevant length of ram axis stylus tip offset in the spefcification of
the manufacturer.

Not¢ 3 to entry: See Annex A for the test definition for this optional test.

3.3p
makimum permissible opposing-styli projected location error on a ring gauge

LDia.Proj.Cir.Scan:j:Tact,MPE . . . . .
extreme value of the bpposing-styli projected location error on a ring gauge (3.18), L, proj fir.ScanyjiTact:
permitted by specifications

Note 1 to entry;'See Annex D for how this MPE may be expressed.

Note 2 toentry: Where j is replaced by MS, MP, Emp or Inf as applicable.

Notg¢ 3to entry: See Annex A for the test definition for this optional test.
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4 Symbols

For the purposes of this document, the following symbols apply. Alternative, unformatted presentations
that may be used in product documentation, drawings or data sheets are provided in the third column.

Description

Symbol used in this
document

Alternative, unformatted presentations

Positive constant, expressed in
micrometres and supplied by the
manufacturer, used to express a
maximum

ermissible limit or

A

Not applicable

error (in adcordance with
Annex D)

Dimensionless positive constant
supplied byf the manufacturer,
used to exgress a maximum
permissibl¢ limit or error

(in accordance with Annex D)

Not applicable

Distance in| 3D between the cen-
tres of the feference sphere and
the test spljere, in millimetres
(also see Anex C and Annex D)

L[P]

Maximum }I)ermissible error in
micrometr¢s as stated by the
manufactufer (in accordance with
Annex D)

Not applicable

Least-squates radial distance

Not applicable

Maximum least-squares radial
distance

Not applicable

Minimum lg¢ast-squares radial
distance

Not applicable

Ram axis stylus tip offset

1[o]

Sphere or ring gauge diameter as
measured

Not applicable

Sphere or ring gauge diameter as
calibrated

Not applicable

Single-stylus test related symbols

Single-stylys form error

PForm.Sph.lXZS:SS:Tact

P[Form.Sph.1x25:SS:Tact]

Single-styh'ls size error

PSize.Sph.lXZS:SS:Tact

P[Size.Sph.1x25:3S:Tact]

Maximum permissiblessingle
stylus forn] error

PForm.Sph.IXZS:SS:Tact,MPE

MPE (P[Form.Sph.1x25:SS:Tact])

Maximum }I)ermissible single
stylus size prror

PSize.Sph.1><25:SS:Tact,MPE

MPE (P[Size.Sph.1x25:SS:Tact])

Scanning mode test related symbols

pre-defined path

Scanning mode test using k=PP Not applicable
pre-defined path
Scanning mode test using not k=NPP Not applicable

Scanning mode form error on a
Sphere' PForm.Sph.Scan:k:Tact

PForm.Sph.Scan:PP:Tact

P[Form.Sph.Scan:PP:Tact]

PForm.Sph.Scan:NPP:Tact

P[Form.Sph.Scan:NPP:Tact]

Scanning mode size error on a
Sphere' PSize.Sph.Scan:k:Tact

PSize.Sph.Scan:PP:Tact

P[Size.Sph.Scan:PP:Tact]

PSize.Sph.Scan:NPP:Tact

P[Size.Sph.Scan:NPP:Tact]

Scanning mode time taken,
TSph.Scan:k:Tact

TSph.Scan:PP:Tact

T[Sph.Scan:PP:Tact]

TSph.Scan:NPP:Tact

T[Sph.Scan:NPP:Tact]
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Description

Symbol used in this
document

Alternative, unformatted presentations

Maximum permissible scanning
mode form error on a sphere,

PForm.Sph.Scan:k:Tact,MPE

PForm.Sph.Scan:PP:Tact,MPE

MPE (P [Form. Sph.Scan:PP:Tact])

PForm.Sph.Scan:NPP:Tact,MPE

MPE (P [Form. Sph.Scan:NPP:Tact])

Maximum permissible scanning
mode size error on a sphere,

PSize.Sph.Scan:k:Tact,MPE

PSize.Sph.Scan:PP:Tact,MPE

MPE (P[Size.Sph.Scan:PP:Tact])

PSize.Sph.Scan:NPP:Tact,MPE

MPE (P[Size.Sph.Scan:NPP:Tact])

Maximum permissible scanning
mode time, Tsph.Scan:k:Tact, MPL

TSph.Scan:PP:Tact,MPL

MPL (Tt [Sph.Scan:PP:Tact])

MPL (1 [Sph.Scan:NPP:Tact])

SPILSCAILINL L. TaCG VT T

Scajnning mode form error on a
ring gauge with /; = 0 (Annex A),
PFo m.Cir.Scan:k.0:Tact

PForm.Cir.Scan:PP.O:Tact

P[Form.Cir.Scan:PP.0s\Talct]

PForm.Cir.Scan:NPP.O:Tact

P[Form.Cir.Scan:NpPR,.D:Tdqct]

Scanning mode size error on a ring
gauge with [, = 0 (Annex A),
PSi e.Cir.Scan:k.0:Tact

PSize.Cir.Scan:PP.O:Tact

P[Size.Cir.Sgan:PP.0:Tact]

PSize.Cir.Scan:NPP.O:Tact

P[Size.Cir (8¢an:NPP.0:Téct]

Sca|nning mode form error on a
ring gauge with /; = 150 (Annex A),
PFo m.Cir.Scan:k.150:Tact

PForm.Cir.Scan:PP.150:Tact

P[Form.Cir%. Scan:PP.150:Tct]

PForm.Cir.Scan:NPP.150:Tact

P[FonfieCir.Scan:NPP.150:Tact]

Scajnning mode size error on a ring
gauyge with [, = 150 (Annex A),

PSiz e.Cir.Scan:k.150:Tact

PSize.Cir.Scan:PP.l50:Tact

P[91ze.Cir.Scan:PP.150:Tlhct]

PSize.Cir.Scan:NPP.lSO:Tact

R[Size.Cir.Scan:NPP.150:Tact]

Makimum permissible scanning
mofle form error on a ring gauge
with I, = 0 (Annex A),

PFo Fm.Cir.Scan:k.0:Tact, MPE

PForm.Cir.Scan:PP.O:Tact,MPE

MPE (P[Form.Cir.Scan:PP.0:Tact])

PForm.Cir.Scan:NPP.O:Tact,MPE

MPE (P[Form.Cir.Scan:NPP.0O:[Tact])

Makimum permissible scanning
e size error on a ring gauge
ith [, = 0 (Annex A),

i4e.Cir.Scan:k.0:Tact, MPE

PSize.Cir.Scan:PP.O:Tact,MPE

MPE (P[Size.Cir.Scan:PP.0:Tact])

PSize.Cir.Scan:NPP.O:Tact,MPE

MPE (P[Size.Cir.Scan:NPP.0:[Tact])

Kimum permissible scanning
e form error on a ring gauge
ith [, = 150 (Annex A),

m.Cir.Scan:k.150:Tact, MPE

PForm.Cir.Scan:PP.lSO:Tact,MPE

MPE (P[Form.Cir.Scan:PP.150]Tact])

PForm.Cir.Scan:NPP.150:Tact,MPE

MPE (P[Form.Cir.Scan:NPP.150|: Tact])

Makimum permissible scanning
mofle size error on a ring gauge
with [, = 150 (Annex A),

PSige.Cir.Scan:k.lSO:Tact,MPE

PSize.Cir.Scan:PP.lSO:Tact,MPE

MPE (P[Size.Cir.Scan:PP.150]Tact])

PSize.Cir.Scan:NPP.lSO:Tact,MPE

MPE (P[Size.Cir.Scan:NPP.150]: Tact])

Multi-stylus test

inferred qualification

Fixgd multi-stylus probing system j=MS Not applicable
Fixpd multi-probe system j=MP Not applicable
Artliculating probing system using j=Emp Not applicable
empirical qualification

Articulating probing system using j=Inf Not applicable

Multi-stylus form error,
PForm.Sph.SxZS:j:Tact

Prorm.Sph.5x25:MS:Tact

P[Form.Sph.5x25:MS:Tact]

PForm.Sph.SXZS:MP:Tact

P[Form.Sph.5x25:MP:Tact]

PForm.Sph.SXZS:Emp:Tact

P[Form.Sph.5x25:Emp:Tact]

PForm.Sph.SXZS:Inf:Tact

P[Form.Sph.5x25:Inf:Tact]

Multi-stylus size error,
PSize.Sph.SXZS:j:Tact

PSize.Sph.SXZS:MS:Tact

P[Size.Sph.5x25:MS:Tact]

PSize.Sph.SXZS:MP:Tact

P[Size.Sph.5x25:MP:Tact]

PSize.Sph.SXZS:Emp:Tact

P[Size.Sph.5x25:Emp:Tact]

PSize.Sph.SXZS:Inf:Tact

P[Size.Sph.5x25:Inf:Tact]
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Description

Symbol used in this
document

Alternative, unformatted presentations

Multi-stylus location error,
LDia.SXZS:j:Tact

Lpia 5x25:Ms:Tact

L[Dia.5x25:MS:Tact]

LDia.5><25:MP:Tact

L[Dia.5x25:MP:Tact]

LDia.SXZS:Emp:Tact

L[Dia.5x25:Emp:Tact]

LDia.SXZS:Inf:Tact

L[Dia.5x25:Inf:Tact]

Opposing-styli projected location
error on a sphere using 25 points,

LDia.Proj.Sph.ZXZS:j:Tact

LDia.ProjSph..2x25:MS:Tact

L[Dia.Proj.Sph.2x25:MS:Tact]

LDia.Proi.Sph.Z><25:MP:Tact

L[Dia.Proj.Sph.2x25:MP:Tact]

IL[Dia Proj Sph 2 7R-F‘mp-"l";1r~1—1

I
—Dia.Proj.oph.ZxZ5:Emp:Tact

LDia.Proi.Sph.2><25:lnf:Tact

L[Dia.Proj.Sph.2x25:Inf:Tacg)

errorona
scanning m

LDia.Proj.Cir.S

Opposing-dtyli projected location

ing gauge using
ode (Annex A),

can:j:Tact

LDia.Proi.Cir.Scan:MS:Tact

L[Dia.Proj.Cir.Scan:MS:Tact]

LDia.Proi.Cir.Scan:MP:Tact

L[Dia.Proj.Cir.Scan:MP¥Tdct]

LDia.Proi.Cir.Scan:Emp:Tact

L[Dia.Proj.Cir.Scan¢kmp:Tact]

LDia.Proi.Cir.Scan:Inf:Tact

L[Dia.Proj.Cir.Sdan<Inf:Tact]

multi-stylu
PForm.Sph.Sx

Maximum permissible

s form error,
P5:j:Tact, MPE

PForm.Sph.SXZS:MS:Tact,MPE

MPE (P [Form. Sph+5x25:MS:Tact])

PForm.Sph.5><25:MP:Tact,MPE

MPE (P [Form.Sph.5x25:MP:Tact])

PForm.Sph.SXZS:Emp:Tact,MPE

MPE (P [Form:NSph.5x25:Emp:Tact])

PForm.Sph.5><25:lnf:Tact,MPE

MPE (PLEOrm.Sph.5x25:Inf:Tact])

multi-stylu
PSize.Sph.SXZ

Maximum permissible

5 Size error,
b:j:Tact, MPE

PSize.Sph.SXZS:MS:Tact,MPE

MPE/P{Size.Sph.5x25:MS:Tact])

PSize.Sph.SXZS:MP:Tact,MPE

MPE (P[Size.Sph.5x25:MP:Tact])

PSize.Sph.SXZS:Emp:Tact,MPE

MPE (P[Size.Sph.5x25:Emp:Tact])

PSize.Sph.SXZS:Inf:Tact,MPE

MPE (P[Size.Sph.5x25:Inf:Tact])

Maximum
multi-stylu

LDia.SXZS:j:Ta

ermissible
location error,

t,MPE

Lpia 5x25:MS:Tact, MPE

MPE (L[Dia.5x25:MS:Tact])

LDia.SXZS:MP:TaCt,MPE

MPE (L[Dia.5x25:MP:Tact])

LDia.SXZS:EmpzTact,MPE

MPE (L[Dia.5x25:Emp:Tact])

LDia.SXZS:lnf:Tact,MPE

MPE (L[Dia.5x25:Inf:Tact])

ing-styli pr
on a spherd
LDia.Proj.Sph.

Maximum permissible oppos-

pjected location error
using 25 points,
D x25:j:Tact, MPE

LDia.Proi.Sph.2x25:MS:Tact,MPE

MPE (L[Dia.Proj.2x25:MS:Tact])

LDia.Proi.Sph.2x25:MP:Tact,MPE

MPE (L[Dia.Proj.2x25:MP:Tact])

LDia.Proj.Sph.ZXZS:Emp:Tact,MPE

MPE (L[Dia.Proj.2x25:Emp:Tact])

LDia.Proj.Sph.ZXZS:Inf:Tact,MPE

MPE (L[Dia.Proj.2x25:Inf:Tact])

ing-styli pr
onaring g4
mode (Ann

Tact,MPE

Maximum permissible oppos:

pjected location-error
uge using scafining
M)' LDia.Proj.Cir.Scan:j:

LDia.Proj.Cir.Scan:MS:Tact,MPE

MPE (L[Dia.Proj.Cir.Scan:MS:Tact])

LDia.Proj.Cir.Scan:MP:Tact,MPE

MPE (L[Dia.Proj.Cir.Scan:MP:Tact])

LDia.Proj.Cir.Scan:Emp:Tact,MPE

MPE (L[Dia.Proj.Cir.Scan:Emp:Tact]

LDia.Proi.Cir.Scan:Inf:Tact,MPE

MPE (L[Dia.Proj.Cir.Scan:Inf:Tact]

5 Rateq

| eperating conditions

5.1 Environmental conditions

Limits for permissible environmental conditions such as temperature conditions, air humidity and

vibration at the 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.

In both cases, the user is free to choose the environmental conditions under which the testing in this
document will be performed within the manufacturer's specified limits given in the CMM data sheet.
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The user is responsible for providing the environment enclosing the CMM as specified by the
manufacturer in the CMM data sheet. If the environment does not meet the specifications, then none of
the maximum permissible errors in this document can be required to be verified.

5.2 Operating conditions

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

a) machine startun/warm un cucles:
7 ) 7

b) |stylus system configuration and assembly (as per manufacturer’s specification as per/Figure 1 and
Figure 5);

c) |cleaning procedures for the stylus tip, test sphere and reference sphere;
d) |probing system qualification;

e) |when specified by the manufacturer, the location of the reference sphere as stated in the
operating manual.

a—

All gtylus tips, the reference sphere and the test sphere shallébe Cleaned before the probjng system
quallification to eliminate residual film which might affect thednmeasuring or test results.

IMPORTANT — Ensuring that approximate thermal equilibrium of the probing [system is
achlieved during the probing system qualification andtesting procedure is critical.

6 |Acceptance tests and reverification tests

6.1 General
In the following subclauses:
— |acceptance tests are executed according to the manufacturer's specifications and proceflures; and

— |reverification tests arg executed according to the user's specifications and the manpfacturer's
procedures;

where specifications juclude the limits of the probing system configuration to which the gtated MPE
values apply and Keeping within the rated operating conditions. In the case of reverification tests, use
of a|stylus relevant to a typical workpiece measuring task is recommended.

The tests of \Clause 6 are designed for typical industrial CMMs. For the case of very small probing
systems that are incapable of achieving suitable coverage of the test spheres described in 6.2 without
colljsions with the test sphere, Annex F shall be used for alternative test equipment and progedures for

thl case nn]y

The distance between the reference sphere and the test sphere is denoted Lp. For each of the tests
specified in Clause 6, the location of the test sphere shall be chosen by the user anywhere in the
measuring volume and hence Lp can have any physically realisable value. The CMM manufacturer may
specify MPE as a function of Lp, see Annex D. To avoid interference between the probing system and the
reference sphere, the reference sphere may be removed from the table during the test.

When the test sphere is located closely (small Lp) to the reference sphere used for probing system
qualification, the errors can likely be attributed to the probing system; when the test sphere is located
at a distance (large Lp) from the reference sphere, the errors are a combination of probing errors and
machine geometry errors (see Annex C for further explanation).
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The single-stylus, multi-stylus, opposing-styli and scanning mode errors and their corresponding
maximum permissible errors shall be expressed in micrometres.

For each test specified in Clause 6 the same data set shall be used to evaluate both size and form as

requested.

It is not permitted to take two data sets, one for size and one for form.

For articulating systems, data for at least one method of qualification, either inferred or empirical, is

required.

NOTE 1

styli and articulating probing systems (see 6.3.1).

The single-stylus probing error also applies to CMMs used with fixed multiple probes, fixed multiple

NOTE 2
size-relate

combinationps of these wi

the form ar
tip diamete
applicable. §

NOTE3 4
stylus, is de

NOTE4 1
stylus test 4

ulti-stylus probing performance is broadly categorized into form-related (Ppoym sph.

(PSize.Sph.5x25ﬁ: o, and location-related (Lp;, 5x25;:act @0 Lpja proj.sph.2x25:j:Tact) €rTors{RIf

Tac
ee also Annex C.

An articulating probing system used at multiple angular positions, even when used with a si
emed to be a multi-stylus probing system.

'he limits of the probing system configuration for the single-stylus, scanning mode test and the m
re allowed to differ from each other.

6.2 Measuring equipment

6.2.1 Te

For both si
less than 1

5t sphere

hgle-stylus and multi-stylus tests in this documient, the test sphere shall have a diameter
D mm and not greater than 51 mm.

For the scanning mode test, the test sphere shall have a diameter not less than 24,9 mm and not gre

than 25,5 1

The test sp
sphere sizg

[1m.

here shall be calibrated for size and form. For the tests in this document, the measurand
is the least-squares diameterr and the measurand for sphere form is sphericity. Calibra

organisati
example:

ns use different approaches for sphericity. Common approaches for sphericity are
minimum of 3 orthogonal great circle traces; or using 25 or more points well distribt

5><25¥': act)'
efent
be important for the uncertainty of the different measurement tasks. For,éxanpple,
d size results might contain information on the ability of the CMM system to use multiple stlylus
s in the measurement of a single geometrical feature where j is replaced by MS, MP)Emp, or Inff, as

hgle

L1l ti-

not

hter

for
[ion
for
ted

on the sphere. For size, common’ approaches are for example: measuring the distance between fwo

diametrically opposite points\and other approaches that fit to more than two measured points.

[ion
hlue
the
lere

For MPE fgrm specifications, this document includes the sphere form as a rated operating condi
to be able to exclude the influence of the test sphere form (with its uncertainty) from the test v
uncertaintly. However, a manufacturer is still permitted to explicitly state that the imperfect form of
test spherq is nog-a rated operating condition, in which case the influence of the form of the test spl
(with its upcertainty) shall be included in the test value uncertainty (as in ISO/TS 17865).

Unless the manufacturer states that the imperfect form of the test sphere is not a rated operating
condition, or different percentages (for the below conditions), or an absolute maximum value for the
calibrated form (F(,;) (i.e. a different rated operating condition), then the calibrated form (F.,) and
calibration uncertainty (u(Fc,;)) of the test sphere shall meet all the following requirements for all of
the associated MPEs shown below that will be tested using the test sphere:

Fcq shall not exceed 20 % of Prypspnixzs:ssaceMPE  OF  Prorm.Sph.5x25:j:TactMpE  OF
Pgorm.sph.Scan:kTact, Mpg Where j is replaced with MS, MP, Emp or Inf as applicable and where k is
replaced with PP or NPP as applicable;

Fear + 1,65u(Fc,;) shall not exceed 25 % of Pgouy sph 1x25:58:TactMPE OF Prorm.s h.5x25:j:Tact, MPE_OT
Pgorm.Sph.Scan:kTact, mpe Where j is replaced with MS, MP, Emp or Inf as applicable and where k is
replaced with PP or NPP as applicable;
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Fea + 1,65u(Fc,;) shall not exceed 2,5 micrometres.

If the manufacturer does wish to specify different percentages then both percentages (the one relating
to F¢, in isolation and the one relating to F, + 1,65u(F,)) shall be specified. Alternatively, the
manufacturer may specify an absolute limit for the calibrated form (F,;) and if so, may also specify an
absolute limit for calibration uncertainty (u(F¢,))-

NOTE1 The test sphere’s sphericity is treated as zero in the evaluation of probing errors in this document. For
example, in 6.3.4, the calibrated form value is not subtracted from the measured sphere form even though the
calibrated diameter is subtracted from the measured diameter.

NO . ave result and
histprically in the test value uncertain cluded as a
ratgd operating condition and therefore do not need to be considered in the test value uncertainties. $ee Clause 7.
NOTE 3  Establishing the contribution from the calibrated form and its calibration uncetrtainty|on the test
resylts is challenging. However, having no limit on their values could leave the manufacturer exposed, hence the
limik on a combination of the calibrated form plus its uncertainty.

NOTE 4  The factor 1,65 is associated with the 95 % criterion of ISO 14253-1,

NOTES5 The exclusion of the effects of the form and uncertainty of form,on test value uncertgdinty in this
docyiment overrides the guidance in ISO/TS 17865.

The
silig

Thd
use

Thd
con

Har
the

6.2

The
the

dianeter and nominalZlength, with the same nominal stylus-tip diameter and quality, a

con
For

For
use
exe

test sphere material shall be any one of: steel, stainless stéel, tungsten carbide, diamon|d, ceramic,

on carbide, or fused silica, unless otherwise agreed between manufacturer and user.

reference sphere supplied with the CMM for probing system qualification purposes s
d for these tests.

test sphere should be mounted rigidly to minimize errors due to bending. Non-rigid
fributes to test value uncertainty.

dness and surface roughness values for-the test sphere may be stated by manufacturer
r rated operating conditions.

2  Styli specification and infermation

styli used in the testssspecified shall be those approved by the CMM manufacturer fq
CMM unless otherwise specified, i.e. made of the same materials, of the same nominal g

dition.

hall not be

mounting

b as part of

r use with
tylus-shaft
nd in good

the single-stylus test two lengths of styli, chosen by the user from those specified, should be tested.

the scanning mode test, a ball-ended stylus with a nominal stylus tip diameter of 3 n]

m shall be

. It is>recommended that a stylus orientation is chosen which will ensure all axes of the CMM are

Fcised simultaneously when performing the scans.

For the multi-stylus test, only one of the lengths specified by the CMM manufacturer as applicable to
the stylus system shall be chosen by the user and tested, however they needn’t be the same for both the
single-stylus and multi-stylus tests.

When a multi-stylus system is used, the results of these tests may be highly dependent on the stylus
system and the offset lengths to the stylus tips.

For the single-stylus, scanning mode and multi-stylus test the manufacturer shall unambiguously state
the probing and stylus configuration for which the MPE applies, including the [, achieved for the multi-
stylus test (see Figure 1, Figure 5, Figure 6, Figure 7, and Figure 8).

NOTE Stylus stiffness, quality and condition can have a significant impact on performance. When stylus-tip
diameters become small their shafts become small and as such stiffness suffers adversely, the same effect is seen
when styli become very long.

© IS0 2020 - All rights reserved 13
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6.3 Single-stylus probing test

6.3.1 Application

6.3 applies to the single-stylus probing configuration and CMMs used with scanning mode probes, fixed
multiple probes, fixed multiple styli and articulating probing systems. One of the multiple probes, or
one of the multiple styli, or one of the articulating orientations, may be used for this test. See 6.3.3.1 for
their orientation.

6.3.2 Principle

The principle of this test procedure is to measure a test sphere using 25 points probed with @ 'single
stylus and [to observe the size and form error.

The result§ of these tests may be highly dependent on the stylus length, stiffness and diameter.

Single-stylus test
probing system Stylus configuration P, Size.Sph.1x25:SS:Tact, MPE P Fofm.Sph.1x25:SS:Tact, MPE
cpnfiguration Hm wm

Ruby D8 x 50 mm M5 ceramic stem 1 1,2

Fixed probe name
Ruby D5 x 30 mm M5 steel stem 09 1,1
Articulating stylus holder name, Ruby D5 x 20 M3 steel stem 1 1,2

head name,

scanhing probe name stylus holder name, Ruby D5 x 20 M3 steel stem 1,3 1,8

Figure 1 — Example Single-stylus configuration specification sheet

NOTE The purpose of this test is to give an indieation of the system performance when measuring lpcal
features angl includes bi-directional performance of the system in single (discrete) point probing mode.

6.3.3 Prpcedure

6.3.3.1 Thhe stylus orientation shall be parallel to the ram axis, unless otherwise specified. Any chgnge
of orientation of the stylus may §ignificantly affect the test result.

On dual ram CMMs, two séparate tests should be run, one with each ram, both in simplex operaging
mode, in agcordance withnISO 10360-2.

6.3.3.2 Spt up and qualify the probing system in accordance with the manufacturer's normal
procedureg (see6.2.2).

6 3 3 3 I nnnnn foxaatad croliic o b n o o gl o oot ara 1o o i ad dazatb db o CNANT et +b o ol
L] L] L] diIl auluIllirdalceu JLJ]MJ Ul l.ll JuUC \111“1161116 J)’JL\/ALL 1o .Juyylluu vVIUIT LIIC GIVIIVL, TUTUL I LIIC JL-yl o ] Or

probe to the rack before running this test. Additionally, if an articulating head is included, articulate the
probe away and back again before running this test.

If no automated stylus or probe change system is available, it is not recommended that this is changed
manually as this will have a detrimental effect on performance.

6.3.3.4 Measure and record 25 points. The points shall be approximately evenly distributed over atleast
a hemisphere of the test sphere keeping within any system limitations as specified by the manufacturer.
Where the manufacturer has system limitations that mean this distribution is not possible, this shall be
stated clearly with their specifications. The point positions shall be at the discretion of the user and, if
not specified, the following probing pattern is recommended (see Figure 2):

— one point on the pole (defined by the direction of the stylus shaft) of the test sphere;

14 © IS0 2020 - All rights reserved
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— four points (equally spaced) 22,5° below the pole;
— eight points (equally spaced) 45° below the pole and rotated 22,5° relative to the previous group;
— four points (equally spaced) 67,5° below the pole and rotated 22,5° relative to the previous group;

— eight points (equally spaced) 90° below the pole (i.e. on the equator) and rotated 22,5° relative to
ghtp (equally sp p q

the previous group.
157 4. A
D M
\
B iy
NIV
|

22 5o

T~

g

Key)
A |pele

Figure 2 — Target contact points

6.3.4 Data analysis

Fit an unconstrained least-squares sphere to the 25 measured points ensuring that D .. is
compensated by the effective tip diameter or tip correction vectors as used in the machine’s normal

operating procedure.
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The probing size error, Pg;,e sphix25:ss:Tacy 1S Obtained from the difference between the measured

diameter of the sphere, D

meas » and the calibrated diameter, D, , as follows:

PSize.Sph.lXZS:SS:Tact = Dieas = Dcal

Record the

range of radii of the 25 points with respect to the least-squares sphere centrei.e.R ., -

the apparent sphere form, to give the single-stylus form error, Pr,., sph 1x25:55:Tact- S€€ Figure 4.

NOTE

See also Annex B when running this test prior to the tests in [ISO 10360-2.

R

min’

6.4 Scarx

6.4.1 Pr

The princij

Ining mode test

nciple

ble of this test procedure is to measure the form, and size of a test sphere usihg the CM]

scanning

The scanning mode test described here is applicable for systems capable of:

a)
b) scanni
NOTE ]

or associatg
workpiece 3
producing r

6.4.2 Pr

6.4.2.1 S
procedures

6.4.2.2 If
probe to th
again befor

scanning on a pre-defined path (PP); and/or

ode whilst timing the duration of the test.

g on a not pre-defined path (NPP).

'he testis notable to fully quantify the uncertainty when a CMMis“used for either a form measuren
d feature calculation on a workpiece. Surface roughnessysurface discontinuities and lubricit
Ind stylus influence scanning performance. In this test*these influence parameters are contrd
psults that may not reflect those obtained in real workpieces (see Annex E).

bcedure

et up and qualify the probing systémr in accordance with the manufacturer's nor
(see 6.2.2).

an automated stylus or probe changing system is supplied with the CMM, return the stylu
e rack before running this-test. Also, if an articulating head is fitted articulate away and |
e running this test.

1 in

hent
y of
lled

mal

S or
ack

If no autonpated stylus or probe;ehange system is available, it is not recommended that this is changed

manually a

s this will have a-detrimental effect on performance.
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6.4.2.3 Take and record measurements of scan points on the test sphere for corrected scan lines on
the surface of the test sphere in the four target scan planes defined (see Figure 3). The scan planes are
defined as the ball on sphere contact planes, not the stylus ball centre planes.

Key

A |target scan plane A

B |target scan plane B

C |targetscan plane C

D |targetscan plane D

E |parallel to the axis of the ram

a |angle in which the stylus shaft is offset from the aXis of the ram

The|pole and equator of the test sphere are defined by the axis of the stylus shaft. It is recommended tHat a value of
approximately 45° is chosen for a.

NOTE1  Targetscan plane A is on the'eguator.

NOTE 2  Targetscan plane A and target scan plane B are parallel planes 8 mm apart.
NOTE 3  Target scan planesB;C and D are mutually perpendicular.

NOTE4  Target scan plane C goes through the pole.

NOTES5  Targetscan-plane D is a plane offset 8 mm from the pole axis.

Figure 3 — Four target scan planes on a test sphere

The Gartesian distance between consecutive corrected measured points shall not exceed 0,] mm. None
Of t IC \,UllC\,th IriCcadaoul Cd lJUilltD lllCl_y havc d 11Ul llla} d;otcuu,c ITIUI1I'C thau 0;2 I fl UIll t le releVant

target scan plane.

Each of the four scan sequences shall commence with the stylus at an intermediate point a minimum
of 10 mm away from the test sphere. The stylus should always approach the sphere along a surface
normal. Each of the four scan sequences shall end with the stylus at an intermediate point a minimum
of 10 mm away from the test sphere.

Record the time for the scanning mode test, from the intermediate point at the start of the first scan
sequence to the intermediate point at the end of the fourth scan sequence, Tgyp scan:kract Where k is
replaced by PP or NPP as applicable.
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The algorithms and parameters used shall be those used for normal workpiece measurement on the
machine. Any such software applied filtering shall be specified by the manufacturer. No additional
filtering or other optimization shall be used on the data set obtained from the scan paths as defined.

6.4.3 Data analysis

Fit an unconstrained least-squares sphere to all points taken from the four scans ensuring that D is

compensated by the effective tip diameter or tip correction vectors.

meas

The scanning mode size error on a sphere, Ps;,q soh scan:kTace 1S 0btained from the difference between
the measured diameter of the sphere I')mcdb and the calibrated diameter DLdl as follows:

PSize.Sp h.Scan:k:Tact — Dmeas - Dcal

Record thq range of radii of all points with respect to the least-squares sphere centre, ke R ., = Riin
the apparept sphere form, to give the scanning mode form error on a sphere, Pr . spirgéan:k:Tace Whefre k
is replaced|by PP or NPP as applicable. See Figure 4.

Key

A D, calibrated diameter of test sphere

B D,,..s Measured least squares diameter of test sphere

C measured points, only a subset of points are illustrated for clarity

D PpormsphnikTace Where n is replaced by Scan, 1x25 or 5x25 and k is replaced by SS, PP, NPP, MS, MP, Emp or Inf

as appropriate

o3

extreme point defining the minimum radius

o]

extreme point defining the maximum radius

Figure 4 — 2D simplified illustration of Pp,.., sph n.k:Tact Deat @0 Dpyeqg
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6.5 Multi-stylus test: Fixed multi-probe and multi-stylus probing systems

6.5.1 Principle

The principle of this test procedure is to measure the form, size and location of a test sphere using five
different fixed probes or styli. For each probe or stylus, 25 points are measured on the test sphere, for a
total of 125 points using all five positions.

If specified, opposing-styli projected location errors are evaluated to give an indication of performance
for measurements where opposmg styli measurements are comblned in a feature measurement, for
exa :

more comprehenswe opt10na1 test to 1dent1fy performance for such opposmg styh measutemhents using
aripg gauge.

Thq specification of the opposing-styli projected location error on a sphere (Lp;, prof3ph.2x25:}act MpE) 1S
optjonal. If specified, then it shall be evaluated as per 6.7.2 and Clause 7.

A sgries of ram axis stylus tip offsets are considered (see Figure 5, Figure 6,Figure 7 and Figure 8), all
megsured from the centre of the ram and orthogonally to the ram axissIn cases where the ram axis
stylus tip offsets for the four offset styli cannot be equal, the manufacturer shall use the snallest ram
axig stylus tip offset as the specified ram axis stylus tip offset.

Probin; Actual I

configugration acch?ei/ec; P Form.Sph.5x25:j:Tact MPE P, Size.Sph.5x25: j:TaCt MPE Lpiasas: j:Tact MPE LDia.Proj.Sph.ZxZS: j{ract MPE
specified (mm) (um) (nm) (um) (pm

Fixed scanning probe

name; 5 off:

100 mm M5 extension; 160 6 2 4 3

D6 x 50 mm ruby stylus
with ceramic stem

Articulating head name;
probe name; stylus

holder name, ruby stylus 147 >5 2 38 31
D5 x 20 mm steel stem

Figure 5 — Example multi-stylus-system specification sheet where j is replaced by one of: MS,
MP, Emp or Inf as appropriate to the system (see Clause 4 and Figure 6, Figure 7, and Figure 8)

Only those ram axis stylus tip offsets applicable to the CMM under consideration should He assigned
MPE values when canstructing a specification table similar to that shown in Figure 5.

6.5]2 Procedure

6.512.1, \When a multi-stylus system is used, construct a “star” stylus system composed off one stylus
parallél'to the axis of the probe and four styli in a plane perpendicular to the axis, each orient¢d 90° with
respect to those adjacent ta it The orientation of the four styli in a plane with respect to machine axes is
up to the user. 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
supplied with the CMM (see Figure 6).

On dual ram 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, in accordance with ISO 10360-2.
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centre line of probing cluster, typically ram axis centre line

5 stylus tip offset ],

or clarity, only four of the five styli and only three shafts are visible.

Figure 6 — Fixed multi-stylus probing system

D° with respect to those adjacent to it. The distances from each

/hen a multi-probe system is usedyattach a suitable straight stylus to each of the five propes.
hem with suitable probe extension components to form a “star” probe system compdsed
be parallel to the axis of the.xam and four probes in a plane perpendicular to the axis, gach

of the five stylus tips fo a

ence point on the ram axis, the ram axis stylus tip offset, shall all be approximately equal (see

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 duplexoperating mode, in accordance with ISO 10360-2.

20
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>

Jo

D/

Key

A |ram

B |centre line of probing cluster, typically ram axis centreline
C |probe extension if applicable

D |probe

E [stylus

F |ram axis stylus tip offset ],

NOTE For clarity, only four of the five probes and only two probe extensions are visible.

Figure 7 — Multi-probe system with ram axis stylus tip offset length /;

6.5{2.3 The five stylus tips shall not be restricted to a single nominal diameter unless such arestriction
is explicit in the<CMM manufacturer's specification (see 6.2.2).

6.512.4 Setvup and qualify the probing system in accordance with the manufacturef's normal
profedures (see 6.2.2).

6.5.2.5 Tfastylus or probe changing system is supplied with the CMM, all five styli shall be qualified, and
the styli or probes returned to the rack, before running this test. Five changes shall be performed during
the test, each stylus or probe being changed once. However, if fewer than five styli or probe stations are
available in the changing system, the maximum number shall be used, with some styli or probes changed
more than once to achieve a total of five changes. In the case of a “star” stylus or “star” probe system,
the star system shall be returned to the rack and picked up again before the first and in between each
sphere measurement to achieve the total of five changes. Five mutually orthogonal positions shall always
be measured, so if less than five tool stations are used then some of the positions shall be “star” styli or
“star” probes.

If the probing system assembly is identical to that chosen for the single-stylus probing test (see 6.3),
the results of the single-stylus probing test may utilise the measurement data from the corresponding
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stylus used in this multi-stylus test, such that there is no need to make the same measurements twice

with the one stylus.

If no automated stylus or probe change system is available, it is not recommended that this is changed

manually as this will have a detrimental effect on performance.

6.5.2.6 Measure the test sphere using 25 points with each stylus, for a total of 125 points. The points
shall be approximately evenly distributed over at least a hemisphere of the test sphere keeping within

any system limitations as specified by the manufacturer. Their position shall be at the discretion of
user. The recommended point-sampling strategy is the same as for the single-stylus test (see 6.3.3.4).

When the qupport stalk for the test sphere is located on the vertical centre line and a horizontal styl\ts is

used, then jaccess should be optimized by orienting the probing pattern so that each of the eightlpo
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 3
This is illugtrated 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 diamg
so that the¢ eight points on the equator cannot be equispaced at 45° over an arc-of 315° then
recommenfed that the eight points are equispaced over the available arc.

6.5.3 Data analysis

Evaluate the data according to 6.7.
6.6 Mulfi-stylus test: Articulating probing systems

6.6.1 Principle

iple of these tests is to measure the form, sizeand location of a test sphere using five diffe

the

nts
Xis.

ter,
tis

fent

angular pdsitions of an articulating probing system, (see Figure 8). At each angular position, 25 pojints

are measufred on the test sphere, for a total of 125 points using all five positions.

If specified, opposing-styli projected location errors are evaluated to give an indication of performa
for measufements where opposing-styli ‘measurements are combined in a feature measurement
example

nce
for

asuring the co-axiality of ¢rahk shaft journals from opposing ends. Please see Annex A for a

more comgrehensive optional test to-identify performance for such opposing-styli measurements uging

aring gaugde.

The specif
optional. Iffspecified, themitshall be evaluated as per 6.7.2 and Clause 7.

cation of the opposing-styli projected location error on a sphere (Lp;, proj sph.2x25:Tact, MPE
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D
Key
A |ram
B [probe extension if applicable
C [probe
D |stylus
E |articulating probing system
F |ram axis stylus tip offset [,

Figure 8 —'Articulating probing system showing 3 of the 5 positions

CMMs with articulating probing systems may use either empirical or inferred qualificatipn data for
megasurement. Thierefore, to prevent ambiguity, the maximum permissible errors for a (MM using
empirical qualification are labelled Pgoy spn 5x25:Emp:Tact MPE: Psize.sph.5x25:Emp:Tact,MPE a0 Lbia 5525 Emp:
TactMpr, While the maximum permissible errors for a CMM using inferred qualification are labplled Pg, .,
Sph.$x25:1nTact, MPE» Psize.Sph.5x25:InfTact MPE a0 Lpia 5x25.1nfTact, wpE- Similarly, the errors obtgined when
using emplrlcal quahflcatllon are labellled ‘PForm.Sph.5><255E.mp:T?ct' PSize.S h.5x25:Emp:Tact and L)ia.5><25:Emp:
Tact{ While the errors obtained when using inferred qualification are labelled Pr,.,, sph 5x25.1hfTact P

Sph.5x25:Inf:Tact and LDia.SXZS:Inf:Tact'

Size.

6.6.2 Procedure

6.6.2.1 Build up the probe and stylus assembly and attach them to the articulating probing system
according to the manufacturer’s specification.

6.6.2.2 It is recommended that the five angular positions consist of one stylus parallel to the ram
axis and four styli whose tips lie perpendicular to the ram axis, each stylus oriented 90° with respect
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to those adjacent to it, as viewed down the ram axis (see Figure 8), however the specification from the
manufacturer applies to any five orientations and as such the user may choose any five.

On some CMM configurations (especially on horizontal-arm CMMs), some of the above recommended
five angular positions may be unattainable or impractical. In such cases, the recommended pattern of
angular positions should be rotated by +90° about either the X or Y axis, as appropriate to the CMM
configuration.

If the axis of the first articulation axis of the articulating probe system is not aligned with the ram
axis then this axis of the first articulation axis should be considered the “ram axis” in terms of the
recommended orientations in this clause and in terms of the ram axis stylus tip offsets.

On dual raln CMMs, three of the angular positions should be qualified using one ram, and two) of|the
4

angular pogitions using the other ram, all in duplex operating mode, in accordance with ISO $0360-£.
6.6.2.3 V|

/hen testing in empirical mode of operation (i.e. j = “Emp”) is required, qualify the proling

system in ¢
procedures

When testi
system sh3
inferred qu
the articul

The user i
from thos¢g
used to qu

On dual rq
angular po

[tis not pe

6.6.2.4

its last qualification. If a stylus or probe,changing system is supplied with the CMM, return the stylu
probe to thle rack before running this tést.

If no auto
manually a

6.6.2.5 M
125 points

The points
keeping w
discretion

test (see 6.37347:

ach of five angular positions in accordance with the CMM manufacturer's’nermal oper
(see 6.2.2).

1l be executed in accordance with the CMM manufacturer's normal operating procedure
alification (see 6.2.2). The user shall then choose any five widely?spaced angular positior
hting probing system for this test.

advised to choose angular test positions for inferred qualification which are remote |
which were used to qualify the articulating systen¥(if known) and from those which w
lify the probing system under test.

Im CMMs, three of the angular positions should be qualified using one ram, and two of]

'mitted to combine test data from inferred and empirical modes of operation.

efore starting the measurement,(ensure the head has performed at least one articulation s

)

Ing in inferred mode of operation (i.e.j = “Inf”) is required, then the gualification of the proling

sitions using the other ram, all in duplex operating mode, in accordance with ISO 10360-2.

ing

for

s of

oth
rere

the
p

nce
S or

ated stylus or probe change system is available, it is not recommended that this is changed

s this will have a detrimental effect on performance.

[easure the test)sphere using 25 points measured in each angular position, for a tota

shall beapproximately evenly distributed over at least a hemisphere of the test sp}
thin afly system limitations as specified by the manufacturer. Their position shall be at
of“the user. The recommended point-sampling strategy is the same as for the single-st

1 of

jere
the
rlus

When the support stalk for the test sphere is located on the vertical centre line and a horizontal stylus is
used, 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.
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If a stylus or probe changing system is supplied with the CMM, 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 (6.3), there is no need to make the same measurements twice at that angular
position.

6.6.3 Data analysis

Evaluate the data according to 6.7.

6.7| Data analysis for multi-stylus tests

6.7]1 Location error

Fit pn unconstrained least-squares sphere fit to each group of 25 pointsctaken at the fiye angular
posjtions, for a total of five sphere fits. Calculate the diameter of the minimum circumscriped sphere
that encompasses the five sphere centres: this diameter is the locatjioh_error Lp;, 5.75.j.rac{ Where j is
replaced with MS, MP, Emp or Inf as applicable.

6.7)2 Opposing-styli projected location error

If the opposing-styli projected location error on a spheres specified, this is the 2D distan¢e between
twd sphere centres measured from opposing directions as projected onto a plane. The plane includes
the|target centre of the sphere and is orthogonal to®&he vector from the target centre of the sphere
to the target pole point from the first of the two applicable spheres. Repeat for the 2 sph¢re centres
megsured from the other opposing directions. The larger of these two distances is the oppgosing-styli
projected location error on a sphere, Ly, proj sihi2«25;:Tace Where j is replaced with MS, MP, Emp or Infas
applicable.

NOTE 1  If the user has chosen alternative*angles to the recommended default then only if they hgve retained
opppsing-styli will it be possible to evaludte Ly, proj.sph.2x25:j:Tact:

NOTE2  The subscript “Dia” inthe symbol Lp;, projsph.2x2siirace Tefers to the diameter of the minimum
circhmscribing sphere containing‘the two reported locations. For two locations, this diameter i simply the
disthnce between the two projected locations.

6.7{3 Multi-stylus.size and form error

Fit an unconstrained least-squares sphere to all 125 points taken with all five angular positions
enspring that B, is compensated by the effective tip diameter or tip correction vectors.

Thg multizstylus size error, Pg;,e spn 5x25;jTace 1S Obtained from the difference between thg measured
dia1neter of the sphere, D ..., and the calibrated diameter, D, as follows:

FSize.Sph.SXZS:j:Tact = Uheas ~ Vcal

Record the range of radii of the 125 points with respect to the least-squares sphere centre,
i.e. Ryyax = Rmin, the apparent sphere form, giving the multi-stylus form error, Ppqrm sph 5x25:Tac Where j
is replaced with MS, MP, Emp or Inf as applicable. See Figure 4.

For the multi-stylus or multi-probe test, according to 6.5.2.3, 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
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these five different effective tip diameters might cause increased error values Pg;,c sph 5x25;:act aNd
Pgorm.sph.5x25;:Tact Where j is replaced with MS or MP as applicable.

NOTE

For the multi-stylus articulation test, although just one physical stylus tip is used in these tests, the

effective diameter of that tip might not be identical in all five angular positions. If the CMM software does not
correctly handle multiple tip diameters when measuring a single feature, then these five different effective tip
diameters might cause increased error values Pg;c soh 5x255:Tact @0 Prorm sph.5x25::Tacy Where j is replaced with
Emp or Inf as applicable.

7 Conformance with specification: Acceptance and reverification tests

In this clapse “taking into account the test value uncertainty” means applying the default rulg of
[SO 1425341 unless otherwise agreed between the parties.

For size eyaluations, the uncertainty associated with its calibrated size, as well as_the differgnce
between the calibration measurand and the test measurand, shall be accounted for in-.the test value
uncertainty.

For form eyaluations, unless the manufacturer has explicitly stated that the imperfect form of the fest
sphere is npt a rated operating condition, the test sphere calibrated form and itscalibration uncertajnty
are included as rated operating conditions, and hence accounted for ik the MPE specification$ to
eliminate the need to include their effects in test value uncertainty.

NOTE Evaluation of test value uncertainty is discussed in [SO 14253<5)

The follow|ng points apply:

a) When felevant, the single-stylus probing performance.isverified if

1) the absolute value of th_e measured_sir_lgle-s.tylus size error, Pgj,e sph 1x25:55Tact 1S MOt grepter
th An t.he relevan.t maximum permissible smgle-stylu; size error, Pgi,c sph.1x25:5S:Tact,MPE} S
specified and taking into account the test¥alue uncertainty;

2) thp measured single-stylus form errof, Pr, ., sphix25:ssTact 1S NOt greater than the releyant
maximum permissible single-stylusform error, Form.Sph.1x25:SS:Tact, MPE» aS specified and taking
info account the test value uncértainty.

b) When felevant, the scanning mogdé performance is verified if

1) 'Fha absolute value of-the measured scanning mpdg size error on a sph.ere, Psize Sph.Scan:k{ract
is pot greater thanthée relevant maximum permissible scanning mode size error on a sphlere,
Pgle sph.scan:kTackyprs as specified and taking into account the test value uncertainty;

2) the measured_ Scanning m_od_e form error ona sphere, Prorm sph Scan:k:Tact 1S NOt greater thanfthe
refevant maximum perrmsmble scanning mode form error on a sphere, Pgorm sph.Scan:k:Tact, MPE»
as|specified and taking into account the test value uncertainty;

3) the measured scanning mode time LG - Seammiedaet is not greater than Lo ph-SeaneFaetMpd, S
specified;

where k is replaced by PP or NPP as applicable.

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

1y

the absolute value of the measured multi-stylus size error, Pg;, soh 5x25.j:Tace IS NOt greater than

the relevant maximum permissible multi-stylus size error, Pg;,e s 5x25;Tact,mpes S Specified

an

2)

d taking into account the test value uncertainty;

the measured multi-stylus form error, P, m spp.5x25;j:Tace 1S NOt greater than the relevant

maximum permissible multi-stylus form error, Pgo.y sph.5x25::Tact, Mprs @S specified and taking
into account the test value uncertainty;
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3) the measured multi-stylus location error, Lp;, 5.os5.jmace 1S NOt greater than the relevant
maximum permissible multi-stylus location error, Ly, s«os5.tact,mpes @S specified and taking

into account the test value uncertainty;

4) the measure_d_ oppgsing-styli projected location error on a _sphere valug, Lpia proj.sph.2x25::Tact
where specified, is not greater than the relevant maximum permissible opposing-styli
projected location error on a sphere, Lp;, projsph.2x25;:Tact Mpes @S specified and taking into

account the test value uncertainty;

where j is replaced with MS, MP, Inf, or Emp as applicable.

d)

The maximum permissible erTors and the maximum permissible Hmit, are specitied by:
1) the manufacturer, in the case of acceptance tests; or

2) the user, in the case of reverification tests.

If the performance is not verified by all the relevant tests, all probing equipment shall be

che
med
the

Cked for dust, dirt or any operator-induced faults in stylus-system assembly that could in

from probing system qualification and using the same target contact points.

8

8.1

In 4

Applications

Acceptance tests

[horoughly
fluence the

isurement result, including the critical issue of ensuring that all probing system compornents are in
'mal equilibrium. Any faults shall be corrected, and the relevant test repeated once onlly, starting

contractual situation between a supplier and\a“customer such as that described in a gurchasing,

maintenance, repair, renovation or upgrade coutract, the acceptance tests described in thi§ document

may

sys
sup,

8.2

em performance, in accordance with<the specified maximum permissible errors agr
plier and the customer.

Reverification tests

The reverification tests given’in this document can be used in an organization's inter
assyirance system for verifieation of the single-stylus probing performance and (when re
multi-stylus CMM system performance, in accordance with the specified appropriate

per

8.3

In
per
per

missible errors as stated by the user with all possible and detailed limitations applied.

Interim-checks

hissible errors specified in Clause 7.

' be used to verify the single-stylus probing:performance, and (when relevant) the multi-4tylus CMM

bed by the

hal quality
evant) the
maximum

in organization's internal quality assurance system, reduced reverification tests cqn be used
odicafly to demonstrate the probability that the CMM conforms to the requirements foil maximum

The extent of the interim checks for multi-stylus systems specified in this document 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 system performance.

©IS

02020 - All rights reserved
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Annex A
(informative)

Ring gauge tests

A.1 General

This annex details parameters for allowing the optional specification and verification of the/C
performanie with a ring gauge as a test artefact.

A.2 Rated operating conditions

The rated ¢perating conditions as per Clause 5 apply with the addition of the folewing to 5.2:

For MPE fo
to be able
uncertaint
testring ga
gauge (wit

Unless the
condition,

the calibra
calibration
of the asso

FCal
LDia.Pr

q

m specifications, this annex includes the test ring gauge form as awrated operating condi
o exclude the influence of the test ring gauge form (with its uncertainty) from the test v
. However, a manufacturer is still permitted to explicitly state that the imperfect form of
uge is not a rated operating condition, in which case theinfluence of the form of the test
N its uncertainty) shall be included in the test uncertainty:

manufacturer states that the imperfect form of the, test ring gauge is not a rated opera
br states different percentages (for the below coiiditions), or an absolute maximum valug
ted form (F,;) (i.e. a different rated operatingweondition), then the calibrated form (F,;)
uncertainty (u(Fc,)) of the test ring gauge.shall meet all the following requirements fo
riated MPEs shown below that will be tested using the test ring gauge:

hall

j.Cir.Scan:j

not exceed 20 % of P cirscank0TactMPE OF  Prorm.cirScan:k150:Tact MPE
Tact Mpg Where k is replaced with PP or NPP as applicable and j is replaced with

MP, Enpp or Inf as applicable.

FCal +
LDia.Pr
MP, E

If the ma
to F¢, in

A

1'65u(FCal) shall not excc_aed 25 % of PForm.Cir.Scan:k.O:Tact,MP]E or PForm.'Ci‘r.Scan:k.lSO:Tact,_MP
i Cir.ScanyjTact, Mpg Where % is replaced with PP or NPP as applicable and j is replaced with
p or Inf as applicablé.

facturer does wish to specify different percentages then both percentages: the one rela
jsolation angdhthe one relating to Fg, + 1,65u(F,) shall be specified. Alternatively,

manufact

r may specify an absolute limit for the calibrated form (F,;) and if so, may also specif)

e
absolute lﬂ:‘lit for calibration uncertainty (u(Fc,;)).

If availablg

usé the calibrated form value associated with a 50 UPR Gaussian filter.

MM

[ion
hlue
the
ing

[ing
for
and
- all

or
MS,

. or
MS,

[ing
the
7 an

NOTE 1

by - 2 [ - 1 : 1 1 . £ 1 . 1 1
HCLESU TS 5dUgC S TUTTINIS LI'TALTU 45 ACT U TIT ULIIT CVAIUAdUIUIT U PIUODIITg CTTULS TIT UILS UUCUIIICTIL.

For

example, in A.6, the calibrated form value is not subtracted from the measured ring gauge form even though the
calibrated diameter is subtracted from the measured diameter.

NOTE 2

In order to avoid double-counting the effect of the test ring gauge form (present in the test result), the

calibrated form and its calibration uncertainty are included as a rated operating condition and therefore do not

need to be ¢

A.3 Gen

onsidered in the test value uncertainties. See A.8.

eral

Clause 6 applies, replacing “test ring gauge” for “test sphere”.

Ring gauge test errors are expressed in micrometres.
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A.4 Test equipment

Use a test ring gauge sized between 49,9 mm and 50,9 mm and calibrated for size and form. If this size
is not practical due to machine size limitations, then given a manufacturer’s specification a smaller ring

gau

ge may be used.

Use a test ring gauge which is in a good and clean condition with particular attention being paid to
ensure corrosion is not present on its metrology surface.

Care shall be taken when mounting the test ring gauge such that forces are not induced into the test
ring gauge that might distort its form; mounting distortions contribute to test value uncertainty.

Use
oth

For
diff]
A.5

Thd
in 2

The
CM

Thd
Thd
opp

A.6

a)
b)

c)

d)

a ball-ended stylus with a nominal stylus tip diameter of 3 mm for the ring gauge-t
brwise specified, but not to exceed 3,3 mm.

the offset stylus ring gauge test use a stylus with an [, of 150 mm unless otherwise sp
erent [, to 150 mm is used, then this shall be included in the symbol.

The tests

re are proposed two tests to evaluate size and form measuring capability with a ring gaug
different orientations.

M may be specified in addition by the manufacturer, appending the UPR value to the spec
Cartesian distance between consecutive correcte@measured points shall not exceed 0,1

option of measuring the ring gauge orientated with its axis orthogonal to the ram axi
osing styli to establish the location error obsérved with this technique is also defined.

Procedure: Size and form test
Mount the test ring gauge on the-CMM with its axis aligned with the ram axis of the mac
Qualify the stylus accordingto the manufacturer’s standard procedures.

Establish the direction.of the axis of the test ring gauge as per the method used in the
of the test ring gauge if available. Otherwise measure the bore of the test ring g:
unconstrained least-squares cylinder fit in order to establish its axis direction.

NOTE Thefront face of the test ring gauge is an example of the definition of the vector of t
by some ealibration organisations.

Using,the established axis, scan a circle in the test ring gauge at one of the calibrated he
the'manufacturer’s specified speeds.

bsts unless

bcified. If a

e mounted

MPE associated with a 50 UPR Gaussian filter will be statedyOther filtering normally available in the

ification.
mm.

s with two

hine.

calibration
luge as an

he axis used

ights using

e) Evaluate an unconstrained least-squares circle fit to the measured points projected into a plane

perpendicular to the axis established ensuring that D ¢

is compensated by the effective tip

diameter or tip correction vectors. The size error, Pg;, . cir.scan:k0:Tact 1S Obtained from the difference

between the measured diameter of the test ring gauge, D and the calibrated diame

follows:

meas’

PSize.Cir.Scan:k.O:Tact = Dmeas - Dcal

where k is replaced with PP or NPP as applicable.

ter, D ), as

f) Record the range of radii of the corrected measured points with respect to the least-squares ring

gauge centre, i.e. R .. = R,
Prorm.Cir.Scan:k 0:Tac Where k is replaced with PP or NPP as applicable.

© IS0 2020 - All rights reserved

the apparent test ring gauge form giving the ring gauge form error,

29


https://standardsiso.com/api/?name=a80b355fead699fb08e22e72834e06b8

ISO 10360-5:2020(E)

g)

h)

j)

k)

D)

PSize.Cir.Scar:k.lSO:Tact = Dmeas - Dcal

where k is Feplaced with PP or NPP as applicable.

If desired, mount the test ring gauge with its axis perpendicular to the ram axis of the machine. The
user is free to choose the direction of the ring gauge axis in the plane orthogonal to the ram axis.

Qualify the offset stylus according to the manufacturer’s standard procedures.

Establish the direction of the axis of the test ring gauge as per the method used in the calibration
of the test ring gauge if available. Otherwise, measure the bore of the test ring gauge as an
unconstrained least-squares cylinder fit in order to establish its axis direction.

Scan a circle in the test ring gauge at one of the calibrated heights using the manufacturer’s
specified speeds.

Evaluite an unconstrained least-squares circle fit to the measured points projected intoa\plane
perpendicular to the axis established ensuring that D, ., is compensated by the efféctivel tip
diameter or tip correction vectors.

The size error, Pg;,. cir.Scan:k 150:Tact 1S Obtained from the difference between the measured diamgter

of the ring gauge, D and the calibrated diameter, D_,,, as follows:

meas’ cal’

m) Record the range of radii of the corrected measured points with fespect to the least-squares fing

A.7 Progedure: Opposing styli projected location

a)

b)

f)
g)

h)

j)

30

gauge centre, i.e. R .. - R, the apparent test ring gauge form'giving the ring gauge form error,
Prorm.dirScan:k 150:Tac» Where k is replaced with PP or NPP as applicable.

Mount|the test ring gauge on the CMM with its axis perpendicular to the ram axis of the macHine,
aligned with one of the other two axes of the machine — the user is free to choose either of the fwo
orientations.

Qualify two opposing styli according to-the manufacturer’s standard procedures.

Using the first orientation stylus, establish the direction of the axis of the test ring gauge as|per
the mgthod used in the calibration'of the test ring gauge, if available. Otherwise, measure the Qore
of the [test ring gauge as an unconstrained least-squares cylinder fit in order to establish its fxis
direction.

Using the established axis, scan a circle in the test ring gauge at one of the calibrated heights uging
the mgnufacturer’s,specified speeds.

Projecf the measufed points into a plane which is orthogonal to the established axis and nominfally
passeg throughithe measured points.

Evalualte ah unconstrained least-squares circle fit to the projected points.

Using the opposing stylus and using the established axis, scan the same circle in the test ring gauge
using the manufacturer’s specified speeds.

Using the established projection plane from the first circle scan, project the “opposing stylus” set of
measured points into the same plane.

Evaluate an unconstrained least-squares circle fit to the “opposing stylus” projected points.

Calculate the distance between the two least-squares circle centres to give the opposing-styli
projected location error on a ring gauge, Ly, proj cir.ScanyjiTact, Where j is replaced with MS, MP, Emp
or Inf as applicable.
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A.8 Conformance with specification

For size evaluations, the uncertainty, including the difference between the calibration measurand and
the test measurand, shall be accounted for in the test value uncertainty.

For form evaluations, unless the manufacturer has explicitly stated that the imperfect form of the test
ring gauge is not a rated operating condition, the test ring gauge calibrated form and its calibration
uncertainty are included as rated operating conditions, and thus accounted for in the MPE specifications,
to eliminate the need to include their effects in test value uncertainty.

The following points apply:

a)

whyd

b)

wh

whyd

1y

2)

1y

2)

iy

When relevant, the ring gauge performance aligned to the ram is verified if

bre k is replaced with PP or NPP as applicable.

When relevant, the ring gauge performance orthogonal£o the ram is verified if

bre k is replaced with PP or NPP as:applicable.

When relevant, the opposingstyli ring gauge location performance is verified if

bre j is replaced with MS, MP, Emp or Inf as applicable.

the measured ring gauge form, Pg . cirScan:k.0:Tact» 1S DOt greater than the relevant

maximum

permissible ring gauge form error, Pgy . cir.scan:k.0:Tact, MpE» @S SPecified and taking into account

the test value uncertainty;

the absolute value of the measured ring gauge size error, Pg;,. cir stink.0:Tacts 1S DOt g
the relevant maximum permissible ring gauge size error, Pgit cir.Scan:k.0:Tact:MPEs 4
and taking into account the test value uncertainty;

the m.eagured.ring gauge form, Pp, 1 cir.Scan:k 156 cr 1S not greater than thg relevant
permissible ring gauge form error, Pgom,cif&can:k150Tact,pE - @S specified and t
account the test value uncertainty;

reater than
s specified

maximum
aking into

the absolute value of the measured rifig gauge size error, Pg;,q cir.Scan:k150:Tactr 1S Ot greater

than. t.he relevan.t maximum permissible ring gauge size error, Pgi e cir-Scan:k 1501
specified and taking into account the test value uncertainty;

the measureq oppoOsing s.tyl'i ring gauge 1ocat.ior.1, LDia_ij_CirlScaq:j:Tact, is not greatq
relevant maximum permissible opposing styli ring gauge location, Ly, pro; cir.scan:
specified and taking into account the test value uncertainty;

Tact:MPE» a5

r than the
:Tact:MPE S
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Annex B
(informative)
Checking the probing system prior to the ISO 10360-2 test
B.1 ISO 10360-2:2009, 6.3.1 recommends that the tests in this document be run prior to beginning

the extensive testing described in [SO 10360-2, to ensure that the probing system is operating within
specificatigns. For each tip required to perform the testing in ISO 10360-2, perform the followingToutine.

B.2 Run the Single-stylus probing test (6.3), and check that Pp., sph 1x25:55:Tact 304 Psize§h.1x25:5¢:Tact
are within ppecification.

B.3 Repeat B.2 as necessary until a satisfactory result is obtained for all relevantitips, before starting
the ISO 10360-2 tests.

B.4 Until the ISO 10360-2 test is verified, performing the multi-stylus te§bis not advised - this reflects
the multi-skylus test’s sensitivity to machine geometry errors which is.elfecked in ISO 10360-2, see C|2.
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Annex C
(informative)

Interpretation of multi-stylus test results

C.1—Comparison-of the multi-stylus test results with IS0 10360-2 results
In I$0 10360-2, each length measurement is made with a single stylus in a single orientation|Therefore,
the[net distance moved by the CMM in making each measurement is similar to the lerigth mgasured.

Consequently, the length measuring errors found are typically a function of'the measured length,
with shorter lengths usually experiencing smaller errors. However, in thi§~document, most of the
megsurements are made by CMMs with multiple styli. When multiple styli are'used on a workpiece, the
net|distance moved by the CMM when measuring a short length is not necessarily small, see[Figure C.1.

a

———

Gr—se—110

Key
a CMM travel distance
b |measured length

Fjgure C.1 <= Example of measurement where the measured length is small compare¢d to the
CMM travel distance

Therefore, the measuring errors when using multiple styli are not necessarily within the linjits defined
for thémeasureddengthpertS010360-2Closely-adjacentfeatures-which-are-measured-with different
styli may have large errors between them. Also, multiple styli tend to be associated with significant
lengths of probe-tip-offset length. These offset lengths may increase the measuring errors, as may
be seen by comparing the “Length measurement error with minimal probe-tip-offset length” and the

“Length measurement error with probe-tip-offset length L.

C.2 Influence of the distance, L, between reference sphere and test sphere

Due to the geometry errors (including imperfect error compensation) of the CMM, the distance
between reference and test sphere can strongly influence the test result. When this distance is small,
many repeatable CMM errors are corrected/compensated by the qualification procedure and hence the
probing system performance may become dominant. When this distance is large, the geometry errors
may become dominant.
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