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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance with
editorial ruyles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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The commfittee responsible for this document is ISO/TC 213, Dimensional and geometrical prodluct

specificatig

ISO 10360
(GPS) — Ad

— Part1:
Part 2:
Part 3
Part 4:
Part 5:
Part 6:

Part 7:

ns and verification.

consists of the following parts, under(the general title Geometrical product specificat|
ceptance and reverification tests for coordinate measuring machines (CMM):

Vocabulary

CMMs used for measuring liear dimensions

CMMs with the axis of a‘xatary table as the fourth axis

CMMs used in scanning measuring mode

CMMs using single and multiple stylus contacting probing systems
Estimation'of errors in computing of Gaussian associated features

CMMs’equipped with imaging probing systems

jons

ISO 10360

fons

hlsa consists of the fn]]m/\ring parts under the gpnprql title Geometrical prnrlm‘r clnpr'ifir'nf

(GPS) — Acceptance and reverification tests for coordinate measuring systems (CMS):

— Part8:

— Part 9:

CMMs with optical distance sensors

CMMs with multiple probing systems

— Part 10: Laser trackers for measuring point-to-point distances

The following parts are under preparation:

Part 12: Articulated-arm CMMs

Computed tomography is to form the subject of a future part 11.
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Introduction

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

The ISO/GPS Masterplan given in ISO/TR 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

docment, unless otherwise indicated.

The

a)
b)

Optiical distance sensors treated in this standard are classified into twogtypes,

The
met

simjfilar length measurements.

Thi
con
toh
ori

tests of this part of ISO 10360 have two technical objectives:
to test the error of indication of a calibrated test length using an optical distanee sensor

to test the errors of the optical distance sensor.

point measuring sensors, and
area measuring sensors (e.g. laser point scan, laser line scanyfringe projection)

benefits of these tests are that the measured result has'a direct traceability to the unit
re, and that it gives information on how the CMM (codrdinate measuring machine) will |

fact probing systems. The testing methodology between these three parts of ISO 10360
e intentionally similar. The differences that exist may be eliminated in future revisions
h [SO 10360-2.

and

length, the
berform on

5 part of ISO 10360 parallels that of ISO 10360:2 dand ISO 10360-5, which is for CMMs equfipped with

s designed
bf this part
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Geometrical product specifications (GPS) — Acceptance
and reverification tests for coordinate measuring
systems (CMS) —

Part 8:
CMMs-witt tcatdi

rev
acc
wit
the

NOT

this
mod

Thi

2

Thd
ind
refe

ISO

Scope

if part of ISO 10360 specifies the acceptance tests for verifying the performance of a CMM (coordinate

isuring machine) when measuring lengths as stated by the manufacturer. It also specifies the

brification tests that enable the user to periodically reverify the performance of the

CMM. The

eptance and reverification tests given in this part of ISO 10360 are dpplicable only to Cartgsian CMMs
h optical distance sensors. This standard does not explicitly apply to non-Cartesian CMMg, however,

parties may apply this part of 10360 to non-Cartesian CMMsby-mutual agreement.

E This part of ISO 10360 is not intended to apply for GMMs whose measuring volume is gignificantly
smaller than the size of the test sphere, however, the principlepartefacts, and procedure of the test ¢lescribed in

part of ISO 10360 are useful for the acceptance and reveérification tests of those CMMs either as
ifying the parameters such as the size of the test artefaets and the number of the measurements

5 part of ISO 10360 specifies:
performance requirements that can be assigned by the manufacturer or the user of the

the manner of execution of the acéeptance and reverification tests to demonstrate
requirements,

rules for verifying conformance, and

applications for which the.acceptance and reverification tests can be used.

Normative references

it is or with

CMM,

the stated

following documents, in whole or in part, are normatively referenced in this documgnt and are
spensable ‘for its application. For dated references, only the edition cited applies. F¢r undated

rences, the latest edition of the referenced document (including any amendments) appligs.

10360-1:2000, Geometrical Product Specifications (GPS) — Acceptance and reverificati

coo

rdinate measuring machines (CMM) — Part 1: Vocabulary

wn

n tests for

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

[SO 10360-5:2010, Geometrical productspecifications (GPS) — Acceptance and reverification tests for coordinate
measuring machines (CMM) — Part 5: CMMs using single and multiple stylus contacting probing systems

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

ISO/TS 23165:2006, Geometrical product specifications (GPS) — Guidelines for the evaluation of coordinate
measuring machine (CMM) test uncertainty
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ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM)

3 Terms and definitions

For the purposes of this part of ISO 10360, the terms and definitions given in ISO 10360-1, ISO 14253-1

and ISO/IE
31

C Guide 99 and the following apply.

optical distance sensor

non-contadting probing system which determines a corrected measured point by means of 0pf

distance

Note 1 to 4
former incly
interferomg

3.2
local test §
flat form st

easurement principle

ntry: Typical measurement principles are triangulation and coaxial distance measurement.

ical

The

des structured line projection, Moiré, slit light projection, point scanning, etc., and the latter inclides

try and confocal systems.

lat
andard used for evaluating the probing form error when testing the)probing performanc

Note 1 to enfry: A local test flatis used in addition to the test sphere which is used-for evaluating both the pro

form and prj

Note 2 to e
larger size s
shows a floy

3.3
global tesf
flat form st

Note 1toen
with an opt

3.4

obing size errors.

ntry: A local test flat is useful for testing probing performance when a calibrated test sphere ¥
uitable for an optical distance sensor with larger sensor areais practically difficult to obtain. Figu
v chart for material standard selection.

flat
andard used when testing the flat form nieasurement error

ry: Global test flatis intended and encouraged to test form measuring performance of a CMM equip
cal distance sensor when the systemiisiused for measuring a larger area than the sensor area.

sensor ar
area illu
sensor is

Noteltoe
by the lengt]

See Figure

a
inated by the optical distance sensor when a two-dimensional image-projection-t
ed

try: The sensor area\s determined not only by the length of the projection line of the sensor but
h of the sensor hovément realized by the CMM when line scan or point scan sensors are used.

1.

e

bing

vith
re 5

ped

ype

hlso
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a) Hxample of line scan or point scan sensor b) Example of two dimensional image|projec-
tion sensor

Ls |length of the projection line

Lp |length of the sensor movement

line scan or point scan sensor

two dimensional image projection sensor

a
b

c [sensor axis
d |sensor area
e

sensor motion

Figure'l'— Definition of the sensor area

3.5
prabing form error
PFofm.Sph.1x25::0DS

err¢r of indication within’which the range of either the radial distances that can be determined by a
leadt-squares fit (Gatissian associated feature) of points measured on a spherical material 4tandard of
sizg or those supplemented with the normal distances that can be determined by a least-squares fit of
points measuredion a local test flat

1 to entry? The symbol “P” in Prorm.Sph.1x25;j:0Ds indicates that the error is associated with the probing system

«

j” identifies th¢ measuring
S ok T OB a g ahich is given when the
sensor is moved by the CMM and measurements are taken at several positions. Prorm.Sph.1x25:Art:0DS is the optical
probing form error articulating, which is given when the alignment of the sensor is additionally modified by
means of an articulating system. Prorm.Sph.1x25:5t:0Ds is the optical probing form error stationary, which is given
when the sensor is not moved by the CMM during measurements (see Figure 3).

Note 2 to entry: The probing form error is determined by the errors of the sensors (such as noise, digitizing errors,

image distortion, optical interaction with the surface of the material standard, calibration errors of the sensor,
faulty algorithms in measured data processing) and those of the CMM.

See Figure 2.
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Dcal

MP

S Q
i
Psize sph.1x25;:008 = Drmeas = Deal PFomrgph.1x25,:0D8
Key
D¢a1  calibifated diameter of test sphere GS Gaussian associated sphere
Dmeas measpired diameter of test sphere MP measuréd-point
Figure 2 — Illustration of Prorm.Sph.1x25::00s and Psize Sph.1x25::0DS
x_tr S\ xart
_ / ods
m\
my ., |\
111 cpenst
1. . ods
.
s
a) Translatory b) Articulating c) Stationary
Key

ods optical distance sensor x_art articulation

S test sphere X_tr  translation

Figure 3 — Illustration of Tr, Art and St
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3.6
probing dispersion value

PForm.Sph.D95%:j:0DS
smallest width of a spherical shell or smallest separation of two parallel planes that encompasses 95 %

of all the data points

Note 1 to entry: The symbol “P” in Prorm.Sph.D95%:j:0Ds indicates that the error is associated with the probing
system performance, the qualifier “Form.Sph” indicates that it is associated with the probing form error, the
qualifier “D95%” indicates that it is associated with the dispersion of the probing points with 95 % population and
the qualifier “ODS” indicates that it is associated with the optical distance sensor. The qualifier “;” identifies the
measuring conditions of the CMM. Pgorm.sph.D95%:Tr:0Ds is the probing dispersion value translatory, which is given
wh]:n the sensor I1s moved by the CMM and measurements are taken at several poSItIOnS. PRorm.Sph.D95%:Art:0DS iS

the probing dispersion value articulating, which is given when the alignment of the sensor is additionaflly modified
by means of an articulating system. Prorm.Sph.D95%:St:0Ds iS the probing dispersion value stationary, which is given
when the sensor is not moved by the CMM during measurements (see Figure 3).

Not¢ 2 to entry: The dispersion of the probing system is also called the range or thickness gfthe probing (point) cloud.

Notg 3 to entry: 5 % of the measured points are eliminated to determine Prorm.Sph.D95%::0Ds. Outlier] data points
thaf might be present in the measurement data may also be eliminated by this eperation.

Not¢ 4 to entry: For this particular definition, the plane is thought of as a sphefe of infinite radius.

3.7
probing size error
Psize. Sph.1x25:j:0DS

err¢r of indication of the difference between the diameter of a least-squares fit of 25 representative
points on a test sphere and its calibrated diameter

Notg 1 to entry: The symbol “P” in Psjze. sph.1x25::0Ds indicates that the erroris associated with the proping system
performance, the qualifier “Size.Sph” indicates that@tis associated with the probing size error and the qualifier
“ODP” indicates that it is associated with the optieal distance sensor. The qualifier “j” identifies th¢ measuring
conglitions of the CMM. Psize Sph.1x25:Tr:0Ds 1S the)optical probing size error translatory, which is given when the
sengor is moved by the CMM and measuremeénts are taken at several positions. Psize.Sph.1x25:Art:0Ds if the optical
probing size error articulating, which is given when the alignment of the sensor is additionally modifi¢d by means
of ap articulating system. Psize Sph.1x25:5:0Ds is the optical probing size error stationary, which is given when the
sengor is not moved by the CMM duxing measurements (see Figure 3).

Note¢ 2 to entry: Probing size ercor is determined by the errors of the sensors (such as noise, digit{zing errors,
imape distortion, optical interaction with the surface of the material standard, calibration errors of the sensor,
faulfy algorithms in measured data processing) and those of the CMM.

See|Figure 2.

3.8
probing size error All

Psize Sph.Ally:0DS

err¢r ofindication of the difference between the diameter of a least-squares fit of all points measured on
a testSphere and its calibrated diameter r

Note 1 to entry: The symbol “P” in Psjze.sph.All;j:0ps indicates that the error is associated with the probing system
performance, the qualifier “Size.Sph” indicates that it is associated with the probing size error, the qualifier
“All” indicates that all measuring points are used for the calculation and the qualifier “ODS” indicates that it is
associated with the optical distance sensor. The qualifier “j” identifies the measuring conditions of the CMM. Psjze.
Sph.All:Tr:0Ds is the optical probing size error translatory, which is given when the sensor is moved by the CMM and
measurements are taken at several positions. Psize sph.All:Art:0Ds is the optical probing size error articulating,
which is given when the alignment of the sensor is additionally modified by means of an articulating system. Ps;ze.
Sph.All:st:0Ds is the optical probing size error stationary, which is given when the sensor is not moved by the CMM
during measurements (see Figure 3).

Note 2 to entry: Probing size error All is determined by the errors of the sensors (such as noise, digitizing errors,

image distortion, optical interaction with the surface of the material standard, calibration errors of the sensor,
faulty algorithms in measured data processing) and those of the CMM.

© IS0 2013 - All rights reserved 5
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3.9

length measurement error

EBi:j:0Ds

Euni;j:oDs

error of indication when measuring a calibrated test length

Note 1 to entry: The symbol “E” in EBi;j.ops or Euni;j:.ops indicates that the erroris associated with the measurement
error, the qualifier “Bi” or “Uni” indicates that it is associated with the bidirectional or unidirectional length
measurement error and the qualifier “ODS” indicates that it is associated with the optical distance sensor. The
qualifier “j” identifies the measuring conditions of the CMM. EB;.Tr.0Ds Or Euni:Tr:0Ds is the length measurement
error using optical probe translatory, which is given when the sensor is moved by the CMM and measurements

are taken afseveral positions. EBi:Art:0DS OF EUni:Art:0DS 1S the length measurement error using optical_pjobe

articulating, which is given when the alignment of the sensor is additionally modified by means of an articul
system. EBilst:opns or Eyni:st:ops is the length measurement error using optical probe stationary, whi¢hyis g

when the s

sor is not moved by the CMM during measurements.

Note 2 to efptry: A calibrated test length may be either bidirectionally calibrated or unidirectionally calibra

See Annex H

3.10
flat form

EForm.Pla.D
smallest di

 for detail.

heasurement error
D5%:j:0DS
tance between two parallel planes that envelope 95 % of the points'measured on a global test

Noteltoe

n
error, the q

“D95%” ind
the qualifie
the measur
translatory,

EForm.Pla.D9
alignment o

3.11
maximum

PForm.Sph.l
extreme vg

Note 1 to 4
expressed i

a) Prorm.
b) PForm.

¢) Prorm.

where

ry: The symbol “E” in Eform.Pla.D95%::0Ds indicates that the errdhis associated with the measurer
alifier “Form.Pla” indicates that it is associated with the flat form measurement error, the qual
cates that it is associated with the dispersion of the measuring points with 95 % population
 “ODS” indicates that it is associated with the opticabdistance sensor. The qualifier “;” ident|
ng conditions of the CMM. EForm.Pla.D95%:Tr:0Ds is the ‘optical probing flat form measurement €|
which is given when the sensor is moved by the CMM,and measurements are taken at several positi
os:Art:0Ds is the optical probing flat form measurement error articulating, which is given when

f the sensor is additionally modified by means-of an articulating system.

permissible probing form error

25:j:0DS,MPE
lue of Prorm.Sph.1x25::0Ds permitted by specifications as maximum permissible error

ntry: The maximum permissible error of the probing form error Pporm.Sph.1x25::0DS,MPE Ma}
 one of three forms:

ph.1x25::0D$,MPE=Tainimum of (A+Lp/K) and B, or
ph.1x25;:0DsMPE = (A+Lp/K), or

ph.1x25::0DS,MPE = B

ing
ven

ted.

flat

hent
fier
and
fies
'ror
ons.
the

/ be

A
K

Lp
in

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

is a dimensionless positive constant supplied by the manufacturer;

millimetres;

is the maximum permissible error Prorm.Sph.1x25::0DS,MPE, In micrometres, as stated by the

manufacturer.

is the distance in 3D between the centres of the reference sphere and the test sphere (or flat),

© ISO 2013 - All rights reserved
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3.12
maximum permissible limit of probing dispersion

PForm.Sph.D95%:j:0DS,MPL
extreme value of Prorm.Sph.D95%::0Ds permitted by specifications as maximum permissible limit

Note 1 to entry: The maximum permissible limit of the probing dispersion value Prorm,95%, x, MPL may be expressed
in one of three forms:

a)  PForm.Sph.D95%::0Ds,MPL = minimum of (A+Lp/K) and B, or

b)  PForm.Sph.D95%:j:0Ds,MPL = (A+Lp/K), or

) [PForm.Sph.D95%::0DS,MPL = B

whgre

A isapositive constant, expressed in micrometres and supplied by the manufacturer;
K is adimensionless positive constant supplied by the manufacturer;

Lp isthe distance in 3D between the centres of the reference sphérgand the test spher¢ (or flat),
in millimetres;

B is the maximum permissible limit Prorm.Sph.D95%::0D$;MPL, in micrometres, as stated by the
manufacturer.

3.18
makimum permissible probing size error

PSize Sph.1x25:j:0DS,MPE
extreme value of Psjze.Sph.1x25:j:0Ds permitted By Specifications as maximum permissible errpr

Notg 1 to entry: The maximum permissible probing size error Psize.sph.1x25::0Ds,MPE May be exprg¢ssed in one
of three forms:

a) [Psize.Sph.1x25::0Ds,MPE = minimun of (A+Lp/K) and B, or
b) |Psize.Sph.1x25::0Ds,MPE = (A¥Lp/K), or
) |Psize.Sph.1x25::0DS,MPFE ¥'B
whére
is a pasitive constant, expressed in micrometres and supplied by the manufacturer;
K isaxdimensionless positive constant supplied by the manufacturer;

Lp.. s the distance in 3D between the centres of the reference sphere and the test spher¢ (or flat),

il ntrace
H-HHReHes;

B is the maximum permissible error Psize Sph.1x25:j:0DS,MPE, in micrometres, as stated by the
manufacturer.

3.14
maximum permissible probing size error All

Psize.Sph.All:;j:0DS,MPE
extreme value of Psjze sph.All;:0Ds permitted by specifications as maximum permissible error

Note 1 to entry: The maximum permissible probing size error All Psize sph.Allj:0DS,MPE May be expressed in one
of three forms:

© IS0 2013 - All rights reserved 7
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a)  Psize.Sph.Allj:0DS,MPE = minimum of (A+Lp/K) and B, or

b)  Psize.Sph.All;:0DS,MPE = (A+Lp/K), or

)  Psize.Sph.All;j:0DS,MPE = B

where

A

is
in
is
m4

3.15
maximum
EBi:j:0DS,MF
EUni:j:0Ds,M
extreme v3

3.16
maximum

EForm.Pla.D
extreme v3

Note 1toen
in one of thy

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

is a dimensionless positive constant supplied by the manufacturer;

millimetres;

the maximum permissible error Psize.Sph.Allj:0DS,MPE, In micrometres, as stated by the
inufacturer.

permissible length measurement error
E

PE
lue of EBi;j:0ps or Euni;j:ops permitted by specifications asfnaximum permissible error

permissible flat form measurement error
5%:j:0DS,MPE
lue of EForm.Pla.D95%::0Ds permitted by specifications as maximum permissible error

ry: The maximum permissible flat form measukement error EForm.pla.D95%::0DS,MPE may be expre
ee forms:

1a.D95%:j:0DS,MPE = minimum of (A+Lp/K) and B, or
1a.D95%::0DS,MPE = (A+L§/K), or

1a.D95%:j:0DS,MPE = B

h positive constant, expressed in micrometres and supplied by the manufacturer;
h dimensionléss positive constant supplied by the manufacturer;
the largest side length of the evaluated plane in millimetres;

[Hie-maximum permissible error Eform.Pla.D95%::0DS,MPE, in micrometres, as stated by thg

a) Erorm.
b)  EForm.
¢) EForm.
where
A s
K is
Lp is
B is
m
3.17

nuracurer.

articulated location value
LDia.5x25:Art:0DS

diameter o

f the minimum circumscribed sphere of the centres of all five spheres

the distance in 3D between the centres of the reference sphere and the test sphere (or flth),

bsed

Note 1 to entry: Where the location of a test sphere can be determined by a least-squares fit of points, the
measurements being taken with five different articulating angles on the one test sphere located anywhere in the
measuring volume.
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Note 2 to entry: The symbol “L” in Lpia 5 x 25:Art:0Ds indicates that it is a location value, the qualifier “Art” identifies
the measuring conditions of the CMM and the qualifier “ODS” indicates that it is associated with the optical
distance sensor.

Note 3 to entry: All the symbols used in this annex are listed in Table D.1.

Note 4 to entry: All values are absolute.

3.18
maximum permissible limit of the articulated location value

Lpia.5x25:Art:0DS,MPL

ext

covan yvyoaliin oFf v apti oy darad Jocasingg ualiig (O 17 T Barmittad by o
rorw =

ifications,

reg

Not
exp

a)
b)
‘)

wh

Not
spe

reqiiire the use of artefacts with-a'relevant calibration.

4

For

CIrC—voraC—or— T ur crcata tC U 1o CU o v Ot C—C 7)) DIA.oXZ25T AT ODS; PertrccCt— oy SpPt

hlations, etc. for the CMM

e 1 to entry: The maximum permissible limit of the articulated location value, Lpia 5 x 25:Art:0DS
ressed in one of three forms:

Lpia.5 x 25:Art:0DS,MPL = minimum of (A + Lp/K) and B; or

Lpia.5 x 25:Art:0DS,MPL = (4 + Lp/K); or

Lpia.5 x 25:Art:0DS,MPL = B

bre

A isapositive constant, expressed in micrometres andisupplied by the manufacturer;
K is adimensionless positive constant supplied hy'the manufacturer;

Lp isthe distance in 3D between the centres of'the reference sphere and the test spher
limetres;

B is the maximum permissible limitLpia.5 x 25:Art:0Ds,MPL, in micrometres, as stated by
manufacturer.

b 2 to entry: A maximum permissible limit (MPL) as opposed to a maximum permissible ¢
ification is used when the test'measurements are not errors; hence, testing an MPL specificati

Symbols

the purpose{fithis International Standard, the symbols of Table 1 apply.

Table 1 — Symbols

MPL, can be

b in mil-

' the

rror (MPE)
on does not

Symbol Meaning

Form.Sph.1x25::0DS | Probingform error

PForm.Sph.D95%::0Ds |probing dispersion value

Psize.Sph.1x25:;:0DS | probing size error

Psize.Sph.Allj:0DS probing size error All

EBi:j.ops bidirectional length measurement error

EUni:j:0DS unidirectional length measurement error

EForm.Pla.D95%::0Ds |flat form measurement error

PForm.Sph.1x25::0DS,MPE | maximum permissible probing form error

p Form.Sph.

9596005 MPL maximum permissible limit of probing dispersion value
(HH ,
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Table 1 (continued)

Symbol

Meaning

Psize.Sph.1x25:j:0DS,MPE

maximum permissible probing size error

Psize.Sph.Allj:0DS,MPE

maximum permissible probing size error All

EBi:j:0DS,MPE

maximum permissible bidirectional length measurement error

EUni:j:0DS,MPE

maximum permissible unidirectional length measurement error

EForm.Pla.
D95%:j:0DS,MPE

maximum permissible flat form measurement error

Lpia.5 x 2

5. Art:0DS articulated location value

Lpia.5 x 25:

\rt:0DS,MPL | maximum permissible limit of the articulated location value

The following qualifiers are used in place of j in the definitions above.

translatory; when the sensor is moved by the CMM and measurements;are taken at

Tr -
several positions
Akt articulating; when the alignment of the sensor is additionally modified by means of in
articulating system
St stationary; when the sensor is not moved by the CMM during measurements

5 Requjrements for metrological characteristics

5.1 Environmental conditions

Limits for germissible environmental conditions (such as temperature conditions, air humidity, vibrafion

and ambient lighting at the site of installation that influénces the measurements) shall be specified py:

the m4

the usg

In both cas
performed

Theuseris
in the data|
errors can

5.2 Ope

The CMM s
conducting

nufacturer, in the case of acceptance tests;

b1, in the case of reverification tests

within the manufacturer’s specified limits given in the CMM data sheet.

sheet. If the envirorinient does not meet the specifications, then the maximum permiss
ot be required to-b@verified.

rating conditions

the tests given in Clause 6.

pas4in the manufacturer’s manual to be adhered include

es, the user is free to choose theenvironmental conditions under which the testing will be

Fesponsible for providing the environmentenclosingthe CMM as specified by the manufactyrrer

ible

hall be ‘@perated using the procedures given in the manufacturer’s operating manual when

Specific ar

a) machine start-up/warm-up cycles,

b) probing system qualification,

c)
d)
e)
NOTE

thermal stability of the probing system before calibration,
location, type, number of thermal sensors, and

software filter.

filter configuration setting, and so on.

10

Probing system qualification can include a probe coordinate system setting, a light intensity setting, a
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5.3 Probing form error

The probing form error, Prorm.Sph.1x25::0Ds, shall not exceed the maximum permissible probing form
error, Prorm.Sph.1x25::0DS,MPE, as stated by:

— the manufacturer, in the case of acceptance tests;
— the user, in the case of reverification tests.

The probing form error, Prorm.Sph.1x25::0Ds, and the maximum permissible probing form error, Prorm.
Sph.1x25::0DS,MPE, are expressed in micrometres.

Matllufacturers may, at their discretion, specify optionally additional specification's| of Prorm.
Sph.Jx25::0Ds,MPE for special operating conditions.

5.4 Probing dispersion value

The probing dispersion value, Prorm.Sph.D95%::0Ds, shall not exceed the magimum permissiple limit of
proping dispersion value,

PFofm.Sph.D95%::0DS,MPL, as stated by:
— |the manufacturer, in the case of acceptance tests;
— |the user, in the case of reverification tests.

Proping dispersion value, Prorm.Sph.D95%:j:0Ds, and the miaximum permissible limit of probing|dispersion
val:[e, PForm.Sph.D95%::0DS,MPL, are expressed in micrometres.

Manufacturers may, at their discretion, specifys optionally additional specifications off Prorm.Sph.
D95%:j:0Ds,MPL for special operating conditions,

5.5 Probing size error

The probing size error, Psize sph.1x254:0Ds, shall not exceed the maximum permissible probing size error,
Psize Sph.1x25::0DS,MPE, as stated by:

— |the manufacturer, in the case of acceptance tests;
— |the user, in the case'of'reverification tests.

Proping size erro;TPsize.Sph.1x25;:0Ds, and the maximum permissible probing size efror, Psize.
Sph.[1x25::0DS,MPE, dF¢e expressed in micrometres.

Manufacturérs' may, at their discretion, specify optionally additional specification§ of Psjze.
Sph.Jx25::0DS,MPE for special operating conditions.

5.6 Prnhing size error All

Probing size error, Psize.sph.All;j:0s, shall not exceed the maximum permissible probing size error, Psige.
Sph.All;:0DS,MPE, as stated by:

— the manufacturer, in the case of acceptance tests;
— the user, in the case of reverification tests.

Probing size error, Psizesph.all:0ps, and the maximum permissible probing size error, Psize.Sph.
All;j:0DS,MPE, are expressed in micrometres.

Manufacturers may, at their discretion, specify optionally additional specifications of Psize.sph.
All;j:ops,MPE for special operating conditions.
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5.7 Length measurement error

Length measurement error, EBi;j.ons or Eunij:0ps, shall not exceed the maximum permissible length
measurement error,

EBi:j:ons,MPE OF Euni:j:0Ds,MPE, as stated by:
— the manufacturer, in the case of acceptance tests;

— the user, in the case of reverification tests.

acurement orraor E‘ anc . Or p b aWal ')nf] f]‘\ﬂ m')VImnm Y\DV‘W\ICCI“\]Q ]ﬂ“ﬂfl‘\ mn')c‘nrn
Length mepsurement-errorEpi1-0ps-o+ Etmirops-and-themaximum permi 1at ment

error, EBi.;.pps,MPE Or EUni;j:0DS,MPE, are expressed in micrometres.

Manufactufers may, at their discretion, specify optionally additional specifications of Egjfgps mpf or
Euni:j:ops,MpE for special operating conditions.

5.8 Flat/fform measurement error

Flat form measurement error, EForm.Pla.D95%:j:0Ds, shall not exceed the maximum permissible flat fprm
measurement error,

EForm.Pla.D§5%::0DS,MPE, as stated by:
— the mgnufacturer, in the case of acceptance tests;
— the us¢r, in the case of reverification tests.

Flat form njeasurement error, Eform.pla.D95%::0DS, and the maXimum permissible flat form measurenpent
error, EForth.Pla.D95%::0DS,MPE, are expressed in micrometres.

Manufactufers may, at their discretion, specify optionally additional specifications of Efornf.pla.
D95%::0DS,}PE for special operating conditions.

5.9 Workpiece loading effects

The lengthf measurement error, Egij.0psi0r Euni:j:ops, shall not exceed the maximum permissible exror,
EBi:;j.ons,MHE Or Euni;j:0ps,MPE, as stated by the manufacturer when the CMM is loaded with up to|the

error, Egijops or Eunij:ops, may-be conducted under any workpiece load (from zero up to the rgted

— the phjsical volume-of the load supplied for testing shall lie within the measuring volume of|the
CMM and the load@$hall be free-standing;

MM
any

— unless otherwise specified by the manufacturer, the load shall be located approximately centrally
and approximately symmetrically at the centre of the CMM table.

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

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

General

In the following:

acceptance tests are executed according to the manufacturer’s specifications and procedures;

reverification tests are executed according to the user’s specifications and the man
procedures.

ufacturer’s

6.2

6.2

Thd
wit

err¢rs and limit. The four characteristics, i.e. PForm.Sph.1x25::0DS, PForm.Sph,D95%:j:0DS, PSize.S{

and|
wit

If th
be i

6.2
Mat

appropriate materials are permitted. The material used shall be stated as different mat

diff]
cold
ver
resj
sur

The
Dia
smd
and
iss

diameter of largef. than 51 mm (which is called “Sphere Large Diameter”) may be used ins

loca
on

Probing characteristics

1 Principle

principle of the assessment method for the probing errors and limit is to establish wheth
h optical distance sensors is capable of measuring within the stated maXximum permissil

Psize sph.AlLj:0Ds are evaluated, but Prorm.sph.D95%::0Ds and Psize sphyAll;j:0Ds do not appl)
N point measuring optical distance sensors.

erformed additionally.

2 Measuring equipment

erial standards of ceramics or steel are used*te determine the probing error and v

brent optical characteristics such as reflectivity, optical penetration depth (volume §
ur, scattering characteristics, etc., which means that values of the probing errors and v
fied may vary. The roughness of the material standards to be probed should be negligiblyj
bect to the corresponding MPEs orMPL. Where the manufacturer fails to specify the m
face of the material standard, these can be chosen arbitrarily by the user.

size of the test sphere shall’'be 10 mm to 51 mm in diameter (which is called “Sphg
meter” hereafter in this/part of ISO 10360) as a default. If the size of the test sphere is c(
ller than to the senspr drea (see Figure 4), the number of the captured points may not b
the distortion of the-Sensor may not be evaluated. When the measuring area on the {
maller than 66 9%.0f the sensor area, a local test flat shall be measured as well. A sphel

| test flat if tHe'manufacturer and the user agree with usage of the large sphere. The mea
he local test flat or the larger test sphere shall be at least 66 % of the sensor area.

The
disy

test Sphere of 10 mm to 51 mm in diameter is used for evaluating the probing form error, t

br the CMM
ble probing

h.1x25:j:0DS,»
’ for CMMs

e CMM under test is equipped with an articulating probing system, the test defined in Anjnex D shall

hlue. Other
brials have
cattering),
hlues to be
small with
aterial and

re Normal
nsiderably
b sufficient
est sphere
e having a
tead of the
uring area

he probing
| the larger

bersion value, the probing size error and the probing size error All. The local test flat anc
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If line scan or point scan sensors are tested, the shorter side length of the local test flat shall be at least
the diameter of the Sphere Normal Diameter which is actually used for the probing test.

a) Exampl

Key
Lx1 shorterjlength of the test flat in the case of a line scan or point scan sensor

Lxz longer

ma measulfing area at least 66 % of the sensor area

a

b
c
d

NOTE

line scan or point scan sensor
two dimensional image projection sensor

sensor

sensor

the test sph

To facilitatg

14

As

\

r

1

ma > 0,66 x d e y

e of line scan or point scan sensor b) Example of two dimensional image project
sensor

ength of the test flat in the case of a line scan or point scan sensor

hXiS
hrea
Figure 4 — Relation between the measuring area and the sensor area
Vhen the measuring area)is 66 % of the sensor area, the diameter of the projected measuring circl

bre is 92 % of the length of the sensor area which is derived from 0,66 approximately (0,92/2)2 x

the understating of the selection of the material standards, a flowchartisillustrated in Figu

ion

e on

e 5.
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Sphere
Normal Diameter

Measuring area on
the sphere 2 66 %
sensor area

Y;( Default Mutual agreement
I |

Sphere Sphere Normal Diameter Sphere Norma) Diamejer
Normal Diameter (Pg, P.&P,) (P Pr & Pp)
(Pg, P-&Py) & &
Local test flat Sphére Large Diameter
(P.&P,) (P.&P.)

Key
Ps | Psize.Sph.1x25::0Ds and Psize Sph.All;j:0DS

Pr [ PForm.Sph.1x25::0DS

Pp PForm.Sph.D95%:j:ODS

NOTE 1 Sphere normal diameter: A test sphere of 10 mm to51 mm in diameter.
NOTE 2 Sphere large diameter: A test sphere having largér’diameter than that of sphere normal diamefer

Figure 5 — Material standards selection flowchart for probing tests

Thgmaterial standard such as the reference sphere supplied with the CMM with optical distafice sensors
for the probing system qualification‘purposes shall not be used for this test.

The diameter and form of the-test sphere and the form of the local test flat shall be calibrpted and it
is recommended that the form error does not exceed 20 % of the corresponding MPEs or MPL of the
insfrument under test. The-form deviation and the roughness of the test sphere and the lo¢al test flat
inflpence the test result;It shall be taken into account using ISO 14253-1 when performing pcceptance
or reverification tests;

6.2{3 Procedure

6.2{3.1, \General

All tested systems shall be nlna]ifiﬂd in accordance with the CMM manufacturer’s norma operating
procedures.

The user is free to choose the positions of the test sphere or the test flat within the limits specified by
the manufacturer except the location where the reference sphere has been used for the probing system
qualification. The test sphere or the test flat should be mounted rigidly to minimize the errors due to vibration.

The influence of the filter can be observed by the resolution tests described in Annex A. If the resolution
test is performed, the same operating condition of the CMM shall be used.

When Pyx.r.0ps is evaluated, the points are measured while the sensor is moved by the CMM and
measurements are taken at several positions. When Px.art:0ps is evaluated, the points are measured
while the alignment of the sensor is additionally modified by means of an articulating system. When
Px:st.0ps is evaluated, the sensor is not moved by the CMM during measurements.
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6.2.3.2 Test procedure using sphere

Measure the surface of the test sphere. The measured area on the test sphere should cover the widest
cone angle of the sphere specified by the manufacturer (see Figure 6). The cone angle of the region of the

sphere on which the points are selected shall be stated in the datasheet.

6.2.3.3 Test procedure using flat

Measure the surface of the test flat. The measured area on the test flat should be the widest within the
sensor area as specified by the manufacturer. The measured area of the flat on which the points are

selected s

all be stated in the datasheet

6.2.4 De

6.24.1 G

For CMMs
evaluated

If the softy

rivation of test results

eneral

may be use
removing

bquipped with optical distance sensors, the difference in the number of data points actujally
may significantly influence the test result. This part of ISO 10360 requires the disclosurfe of
minimum ¢lensity or minimum number of points necessary to perform the tegt.

rare has an automated function to remove points belonging to anether surface, this funcfion
d. If the manual selection of points evaluated is a part of the fiormal operating proceduree.g.
oints that belong to another surface, this data selectionshall be specified in the data sheet

and perforfmed also during the test. All measurement data except those eliminated by this automgted
or manual gelection shall be used. The automated or manual data)selection shall not be misused for{the
eliminatiof of noise or outliers.

NOTE j
the optical
algorithm o

[ the filter.

or the data elimination, the user is encouraged to have enough knowledge, e.g. characteristig¢s of
distance sensor, the optical properties of the:surface of the test sphere, ambient illumination|and

16
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Key

i ods
PARY
S %
st %
S %
& % oa % ////////////////e‘:
o
i | 7
%
Z
! 4
7 Z
7
S Dricsstdisddt i
D Prj D Prj
D, Dy
L, L

Ls
Dyprj

Gcone

ods

length of the projection line s  testsphere

diameter of the projected measuring area on the sa sensor area
test sphere

cone angle pa projected measuring area on the test sphere
optical distance sensor

Figure 6 — Measuring area on the test sphere and cone angle to be reported
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6.2.4.2 Probing characteristics by representative points

6.2.4.2.1 General

Select 25 areas from the measuring area on the test sphere or the local test flat and reduce to a
representative point for each area. The areas shall be approximately evenly distributed to cover all
measurement points.

For comparability reasons with those stated in the other part of ISO 10360, a single point shall be taken
when problng form error stated in 6.2.4. 2 2 or problng 51ze error stated in 6. 2 4, 2 4 IS tested Ifa CMM

equipped v
reduced fr
point. The
the data pc
is recogniz
agreement

The manuf
software t
of the filtel
tool by mu
user. Wher
the centre
not be proxy

The 25 pos
areas on th
which mea
of ISO 1036
may be spe
distributed

The manuf
filters. Filt
testing MP

6.2.4.2.2

Using all 2

sphere. For

range of G

sphere centre, i.e. thezapparent sphere form, rpax -

probing for

5 Form.S

bm the measured pomts in no larger than 5 mm2 area shall be used as the represent
nrea shall be bounded by either a circular or a square circumference which encompasseg
ints used for deriving a representative point in the area. If the area of no larger than 5 nhm?2

ed as being impractical due to technical reasons, a larger area may be applied by mu
and the size of the area shall be stated in the datasheet.

acturer shall provide the software tools to reduce the data to a representative point. TH
pols have to be usable under the normal operating conditions of the CMM. Use and condi
ing, which is given in the manufacturer’s operating manual, may.be)applied as a part of
fual agreement. The applied procedure of the filtering shall be recorded and reported to
reducing the data to a representative point, a priori information (such as the diameter
coordinate of the test sphere) except the fact that the arealisa part of a sphere or a flat s
rided to the reducing software.

jtions written in [SO 10360-5:2010, 6.2.2.4 are recommended as the centre positions of th

e test sphere when the test is performed on the testsphere. If a CMM equipped with a sef]

Kures individual discrete points is used, 25 points'shall be measured following the proced
0-5. If the sensor is not capable of measuring the whole hemisphere, measurable cone aJ

cified by the manufacturer. The cone angle'of the region of the sphere on which the pointsg
shall be stated in the data sheet.

hcturer may, at their discretion, specify additional MPEs for special operation conditions,
brs requiring information of the\tést material standard may not be used when specifyin
Es.

Probing form error tested using sphere

b representative points, compute the unconstrained Gaussian (i.e. least-squares) associg
each of the 25 representative points, calculate the Gaussian radial distance, r. Record
hussian radial‘distances of the 25 representative points with respect to the least-squ{
min- The absolute value of this difference is
m error; \PForm.Sph.1x25::0DS-

-

bh,15%25:j:0DS = 'max ~ 'min

ive
5 all

fual

ese
[ion
Lhis
the
and
hall

e 25
|sor
ure
ngle
are

ted
the
\res
the

NOTE

Multiple methods can be considered to reduce the measured points to a representative point for each

area. A simple method is to select a single point within each of the 25 areas or to calculate a simple arithmetic
mean of 3D coordinates. A more sophisticated method is to fit the measured points in each area to a sphere and to
determine a representative point on the sphere. Calculation result of probing form errors by these methods will
be almost the same as each other, while the probing size errorin 6.2.4.2.4 will be different since the representative
points of the former methods may be located inside the Gaussian associated sphere of the latter method. Although
the probing form error may be insensitive to the reducing method, the latter method is versatile since the same
representative points are required to use both for the probing form error and the probing size error.

6.2.4.2.3 Probing form error tested using flat
Using all 25 representative points, compute the unconstrained Gaussian (i.e. least-squares) associated

plane. For each of the 25 representative points, calculate the Gaussian normal distance, d. Record the
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range of Gaussian normal distances of the 25 representative points with respect to the least-squares
plane, i.e. the apparent plane form, dmax — dmin- The absolute value of this difference is the probing form

error, PForm.Sph.1x25:j:0DS-

NOTE

PForm.Sph.1><25:j:ODS =dmax ~9min

Multiple methods can be considered to reduce the measured points to a representative point for each

area. A simple method is to select a single point within each of the 25 areas or to calculate a simple arithmetic
mean of 3D coordinates. A more sophisticated method may be to fit the measured points in each area to a plane

and

determine a representative point on the plane.

6.2
The

Itis
det

Using all 25 representative points, the Gaussian associated sphere is“determined accorg

lead
obt

diameter, Dc,), as follows:

6.2

6.2

If a
per
req

The
of t
pro
spe

6.2

Det

is defined aS.a probing dispersion value. When using the local test flat, calculate the rangsg

dist

4.2.4 Probing size error
same 25 representative points which has been used for the probing form error,shall be 4

recommended to fit the measured points in each area be fitted into a Gaussian’associate
ermine a representative point on the sphere as described in 6.2.4.2.2.

t squares method with the radius being unrestricted. The probirigsize error, Psize.Sph.{
hined from the difference between the measured diameter of the sphere, Dyeas, and the

PSize.Sph.1><2 5:j:0DS = Dieas = Dcal

4.3 Probing characteristics by point cloud

4.3.1 General

CMM equipped with a sensor whichheasures individual discrete points is used, the
missible error and the limit by point-eloud are not required to be specified and the te
1ired to be performed.

test shall be carried out without user selectable software filtering no matter if the filte
he normal operation conditions specified by the manufacturer. The manufacturer mayj
vide additional specific¢ations for the probing characteristics by point cloud for case
Cified type of filtering are applied.

4.3.2 Probingdispersion value

ermine theiwidth of the spherical shell that encompasses 95 % of all measured points.

ances.from the Gaussian associated plane in which 95 % of all measured points are incly

ipplied.

d sphere to

ling to the
x25:j:0DS, 1S
calibrated

maximum
5ts are not

ing is part
optionally
5 in which

This range
of normal
ded.

6.2

3 Drnhing size error All

All measured points for the test sphere are associated with the Gaussian sphere with the radius being
unrestricted. The probing size error All, Psize sph.Allj:0Ds, is obtained from the difference between the
measured diameter of the sphere, Dyeas, and the calibrated diameter, Dy, as follows:

PSize.Sph.All:j:ODS =Diyeas —Dcal
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6.3 Length measurement error

6.3.1 Principle

The principle of the assessment method for length measurement error is to establish whether the CMM
with optical distance sensors is capable of measuring within the stated maximum permissible length
measurement error, EBi.;:0ps,MPE OF Euni;j:0ps,MPE, by comparing the calibrated values with the indicated
values of five different test lengths.

For some types of CMMV, it may be 1mpract1cal to obtaln bidirectional measurement results. In such
cases, unidd A
unidirectignal length shall follow B B.3.

If the CMM| equipped with optical distance sensors also has another type of probing system$ (stch ps a
tactile probing system and an image probing system), the length measurement test shall beperforined
using one ¢f the probing systems specified by the manufacturer. If only optical sensers’iare availgble,
then the lepgth measurement error test defined in this part of ISO 10360 shall be performed.

6.3.2 Measuring equipment
Material sfandards of ceramics or steel are used to determine the lengtlimeasurement error. Other
appropriate materials are permitted. The material used shall be stated dt any rate as different mateifials
have different optical characteristics such as reflection factor, optical penetration depth (volme
scattering), colour, scattering characteristics, etc., which means that values of the length measurenent
errors and|values to be verified may vary. The roughness of the features to be probed must be negligjibly
small with|respect to the maximum permissible error of the length test. Where the manufacturer fails to
specify thelmaterial and surface of the material standard, th€se can be chosen arbitrarily. Unless the yiser
supplies the calibrated test length, the manufacturer may choose the material standard represenfing
the calibrafed test length those described in Annex B:

The length{of each material standard shall be calibrated and the calibration uncertainty shall be taken
into accoumt by ISO 14253-1 when performing aceeptance or reverification tests.

The longesft calibrated test length for each position shall be at least 66 % of the maximum travel of{the
CMM alonga measurement line through'the calibrated testlength. Hence the minimum allowable longest
calibrated [test length positioned along a body diagonal will be longer than the minimum allowable
longest calfjbrated test length positioned along an axis direction.

6.3.3 Procedure

Five differ¢nt calibrated)test lengths shall be placed in each of seven different positions (locations pnd
orientatior]s) in the measuring volume of the CMM, and each length shall be measured three times, for a
total of 103 measurements. Four of the seven positions shall be the space diagonals, as shown in Taljle 2
and Figurd 7. Theuser may specify the remaining three positions; the default positions are parallgl to
each of the|CMM ‘axes, as shown in Table 2.

Arrangements differing from that of Table 2 and Figure 7 can be adopted by mutual agreement. In this
case the arrangement shall be recorded in the data sheet.

NOTE1 The choice of locations and orientations may significantly affect the test result.

The setup and the qualification of the probing system shall be done in accordance with the manufacturer’s
normal procedures.

If the software has an automated function to remove points belonging to another surface, this function
may be used. If the manual selection of points evaluated is a part of the normal operating procedure,
e.g. points that belong to another surface, this data selection shall be specified in the data sheet and

20 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=07eda82a512846008cf11ae16375c0b8

1SO 10360-8:2013(E)

performed also during the test. The automated or manual data selection shall not be misused for the
elimination of noise or outliers.

NOTE 2  For the data elimination, the user is encouraged to have enough knowledge, e.g. characteristics of the
optical distance sensor, the optical properties of the surface of the material standards, ambient illumination and
the filter algorithm.

The influence of the filter can be observed by the resolution tests described in Annex A. If the resolution
test is performed, the same operating conditions of the CMM shall be used.

The manufacturers may, at their discretion, specify additional MPEs for special operation condition,

£l
€.g.[rreers:

Figure 7 — Positions of material standards in the assessment: required four diagonal| positions
and default three positions along the axes of the coordinate system

Table:2'— Orientation in the measuring volume

;osition Orientation in the measuring volume Required ¢r Default
hmber T
1 Along the-diagonal in space from point (1, 0, 0) to (0, 1, 1) Requlired
2 Along the diagonal in space from point (1, 1, 0) to (0, 0, 1) Requlired
3 Along the diagonal in space from point (0, 1, 0) to (1, 0, 1) Requlired
4 Along the diagonal in space from point (0, 0, 0) to (1, 1, 1) Requlired
5 Parallel to the machine scales from point (0, 1/2,1/2) to (1, 1/2, 1/2) Defqult
6 Parattettothemachime scates fromrpoimt 172,677/ 2 to (/255123 Pefault
Parallel to the machine scales from point (1/2,1/2,0) to (1/2,1/2,1) Default

NOTE For specifications in this table, opposite corners of the measuring volume are assumed to be (0, 0, 0) and (1, 1, 1) in
coordinates (X, Y, Z).

6.3.4 Low CTE case

If the calibrated test length is not made of the ‘normal CTE material’ defined in ISO 10360-2:2009,
then the corresponding EB;.;.ops,MPE Or Euni:j:0ps,MPE Values are designated with an asterisk (*) and an
explanatory note shall be provided describing the CTE of the calibrated test length.

EXAMPLE EBi:j:0ps,MPE * OF EUnij:0DS,MPE *
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* Artefact is super invar with a CTE no greater than 0,5 x 10-6 / K and with a CTE expanded uncertainty (k = 2)
no greater than 0,3 x 10-6 / K.

For the case where the manufacturer’s specification for EBi.j:ops,MPE OF Euni:j:0DS,MPE requires a < 2 x 10-6 /K (thus
being a non-normal CTE), an additional measurement shall be performed on a normal CTE material calibrated
test length. The normal CTE material test length shall be greater than the lesser of 0,5 m or 50 % of the longest
CMM axis travel. This measurement shall be performed in the centre of the CMM measuring volume and parallel
to one of the CMM axes. The measurement shall be repeated three times. The manufacturer may calibrate the CTE
of this test length.

A low CTE test length can be mathematically adjusted to give the apparent behaviour of a normal CTE material
testlength subject to the requirements of Annex D of ISO 10360-2:2009; however, this calibrated testlength is still
considered fo have a low CTE and is subject to the requirement of this clause.

6.3.5 Derivation of test results

6.3.5.1 (eneral

For all 105[measurements, a length measurement error, EBi.j:ops Or Euni;j:0ps is obtained.

For comparability reasons of length measurement error, Egi;:.0ps or EunisiaDs, with those statefl in

Annex B, a
point scan
5 mm?2 are

If the area
areamay b

When mat|
calculated

LBi.meas an
Egi.jop

When mat
calculated

Luni.meas al

Eynijo
When five
methods, i}
NOTE 1 \

NOTE 2

single point shall be taken. If a CMM equipped with area measuring sensors (e.g. line s
fringe projection) is tested, a point reduced from the measured points with no larger t
h shall be applied as the representative point.

e applied by mutual agreement and the size of the area shall be stated in the datasheet.

prial standards are used and measured bidiréctionally as stated in B.2, each Epi;:.on
from the difference between the measured and calibrated values of each material stand
[ Lgi cal, as follows:

s = LBi.meas — LBi.cal

prial standards are used and measured unidirectionally as stated in B.3, each Euyni;.oj
from the difference between'the measured and calibrated values of each material stand
\d Lyni.cal, as follows:

pS = LUni.meas — Lunicdl

lengths per nieasurement line are measured unidirectionally, either of the following
nethod A or ethod B, may be used for the calculation of Egi.j.ops.

lethod Buteeds no additional measurement but may result in larger error value than that of methg

onibination method of unidirectional measurements and bidirectional contributions is explicitlyj

pf no larger than 5 mm? is recognized as being impractical due to technical reasons, a lay

Can,
han

ger

s is
hrd,

s is
hrd,

fwo

dA.

and

differently §

pecified in B.4.3.5 when point cloud sampling is adopted for unidirectional measurements.

6.3.5.2 Method A

Both unidirectional measurements and bidirectional measurements performed in a single-point-to-
single-point manner where the point is a single point or a representative point as stated in B.4 shall be
performed to derive bidirectional errors. Each EB;;j:.ops is calculated from the difference between the
measured and calibrated values of each unidirectional calibrated test length, Lyni.meas and Lunj.cal, and
the measured and calibrated values of each short bidirectional calibrated test length, Lgi-Short.meas and
LBi-Short.cal as follows:

EBi:j:ODS = LUni.meas - LUni.cal + LBi-Short.meas - LBi-short.cal
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6.3.5.3 Method B

EBi;j.ops is calculated from the measured and the calibrated values of unidirectional measurements
in accordance with B.4, Lynimeas and Luni.cal, supplemented with both probing form error Prorm.
Sph.1x25::0Ds, and probing size error Psjze.sph.1x25::00s described in 6.2, as follows:

In the case:

LUni.meas _LUni.cal +PSize.sph.1><25;j;ODS >0

ERi-~opshasan upper limitwhich can be used for verifying conformance:
oS Tr S0
EBij:0Ds < Lunimeas — Luni.cal T Psize.sph.1x25;7;,0D5 + PRorm.Sph.1x25::0Ds

In the case:

Lynimeas ~ Luni.cal +PSize.sph.1><25;j;ODS =0

EBi:f-ops has upper and lower limits which can be used for verifying conformance:

EBij.0ps < Prorm.sph.1x25;:00s aNd Eg;j.ops > ~Prorm.Sph.1x25::005

In the case:

LUni.meas _LUni.cal +PSize.sph.1><25;j;ODS <0

EBi:f-ops has a lower limit which can be used for vérifying conformance:

EBij:0DS > Lunimeas — Luni.cal T Psize.sph.1x25;/;005 ~ PRorm.Sph.1x25::0Ds

Dug to comparability reason, Prorm.sphi=25::0Ds and Psize.Sph.1x25::0Ds are sampled and calcylated once
for 105 lengths to be tested when point cloud sampling is adopted as unidirectional errors.

The indicated value of a particular measurement of a calibrated test length may be corre¢ted by the
CMM to account for systematic’errors or thermally induced errors (including thermal exparlsion) if the
CMM has accessory devices, including third party software, for this purpose. Manual corre¢tion of the
reslilts obtained from €he computer output to account for temperature or other corrections ghall not be
allowed when the environmental conditions satisfy the condition specified by the manufactyirer.

Plot all the errorS-(values of EBi;j.ops or Euni;j:ops) on a diagram, as indicated on Figure 12, (13 or 14 of
[S0|10360-1:2000, which matched the expressed form of EBi:j:0DS,MPE OT EUni:j:0DS,MPE-

6.4 Flat form measurement error

6.4.1 Principle

Area measuring sensors are likely to suffer from inherent errors, such as distortion of the optical system
of the sensor and stitching errors.

These types of errors are not easy to detect by the probing form test. CMMs with area measuring sensors
are often used to measure and evaluate surface forms. Since these types of errors give large influence on
surface form measurements, for CMMs with area measuring sensors, the flat form test shall be specified
and the test shall be performed.

Data merging operation known as ‘stitching’ is applied to obtain a unified image when measuring a
workpiece with larger geometry than the sensor area. The stitching may be realized in several different
ways. This part of ISO 10360 limits the stitching to those based on simple data merging by referring
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three dimensional coordinates obtained by Cartesian CMMs. Any other stitching based on e.g. numerical
fitting by referring overlapped area or usage of a reference marker is out of the scope of this standard.

Additionally the straightness measurement error originated from imperfect mechanical structure of the
CMM is difficult to detect by the probing form test. It is strongly recommended to perform the flat form
test if CMMs are used for the applications in which the influence of straightness error is significant, e.g.
semiconductor applications, LCD panel, and seal surfaces, no matter which type of the sensor is used.

The principle of the assessment method for the flat form measurement error is to establish whether the
CMM with optical distance sensors is capable of measuring within the stated maximum permissible flat

form measurement error, EForm.Pla.D95%:j:0DS,MPE, by determining:

— the ralllge of distances of the measured points from the associated plane.

6.4.2 Me

Test planes
materials

different o
colour, sca
and values
with respe
the materi
be calibrat
verifying c

The dimen

asuring equipment

of ceramics or steel are used to determine the flat form measurement error/©ther appropr
hre permitted. The material used shall be stated at any rate as different materials i
btical characteristics such as reflection factor, optical penetration depth (volume scatteri
[tering characteristics, etc., which means that values of the flat form measurement er

ct to the maximum permissible error of the flat test. Where the{manufacturer fails to spe]
il and surface of the artefact, these can be chosen arbitrarily.The form of the test plane s
bd, since the form deviation influences the test results, ahd'shall be taken into account w
pnformance or non-conformance with the specification;

cions of the test plane shall be as follows:

iate
ave

hg),
'OI'S

to be verified may vary. The roughness of the features to be probed must be negligibly small

cify
hall
hen

line
and

the lon
for ling

ger side length of the plane is at least twice aslong as either the length of the projection
scan or point scan sensor, or the width of thé‘measuring area for area measuring sensor,

the sh
diame

prter side length of the plane if the liteé-Scan or point scan sensor is at least as long as|the

er of the Sphere Normal Diameter. actually used for the probing test, and

the sh
Spherg

rter side length of the plane if the-area measuring sensor is at least as long as the lesser offthe

Normal Diameter actually used for the probing test or the width of the measuring area.

The straightness measurement erroycan be seen more clearly when a longer flat is used.

The reference plane suppliedwith the CMM with optical distance sensors for the probing system

qualificatign purposes shallnoet be used for this test.

If the test plane which €overs the recommended size is not available, a travelling flat, a small test pl
mounted oh a traveling stage, or similar equipment can be used alternatively.

ane

6.4.3 Pr

The test pl v
along a dlagonal in space of the CMM'’s machlne coordmate The arrangement shown in Figure 8 and
Table 3 isrecommended. Arrangements differing from Figure 8 shall be documented. The use of available
accessories’ functions shall be at the discretion of the user.

The set up and the qualification of the probing system have to be done in accordance with the
manufacturer’s normal procedures.

Measure and record the number of measured points. The number of measured points shall be atleast 25.
The points shall be approximately evenly distributed over the test plane.

The test results may be significantly affected by the orientation of the optical distance sensor when the
probing system is equipped with an articulating function. It is recommended to set the optical distance
sensors at multiple orientations during the test to reveal the characteristics of the CMM.
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If the software has an automated function to remove points belonging to another surface, this function
may be used. If the manual selection of points evaluated is a part of the normal operating procedure,
e.g. points that belong to another surface, this data selection shall be specified in the data sheet and
performed also during the test. The automated or manual data selection shall not be misused for the
elimination of noise or outliers. Global filters may not be used when MPEs are tested.

For the data elimination, the user is encouraged to have enough knowledge, e.g. characteristics of the
optical distance sensor, the optical properties of the surface of the test plane, ambient illumination and
algorithm of the filter.

The influence of the filter can be observed by the resolution tests described in Annex A. If the resolution
testlis performed, the same operating condition of the CMM shall be used.

Themanufacturer may, at their discretion, specify additional MPEs for special operation conditior, e.g. filters.

Figure 8 — Recommended positions of test planes in the assessment: one position ajong the
diagonalline on the x-y plane and one diagonal position

Table 3 — Orientation in the measuring volume

Popition number Orientation in the measuring volume
1 Along the diagonal in x-y plane from point (0, 0, 0) to (1, 1, 0)
2 Along the diagonal in space from point (0, 0, 0) to (1, 1, 1)

NOTE _ Fer'specifications in this table, opposite corners of the measuring volume are assumed to be (0, 0, 0) apd (1, 1, 1) in
coofdinates (X, Y, Z).

]

6.4.4 Derivation of test results

Calculate the range of normal distances from the associated plane in which 95 % of all measured points
are included. The flat form measurement error, Eform.Pla.D95%::0DS, as the range of the measured points’
normal distances is defined as follows:

EForm.Pla.D95%:j:ODS =dyax ~dmin
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7 Compliance with specifications

7.1 Acceptance test

7.1.1 Acceptance criteria

The performance of the CMM with optical distance sensors is considered to have been verified if

— probing form error, Prorm.Sph.1x25::0DS, iS not greater than the maximum permissible probing
form error, Prorm.Sph.1x25::0DS,MPE, as specified by the manufacturer and taking into account the

and

and,

uncer

probi

Psize.Sph.1x25::0DS,MPE, as specified by the manufacturer and taking into account the uncertaint
measurement according to [SO 14253-1,

length

measufrement error, EB;.j:0ps,MPE OF Euni::0Ds,MPE, as specified by the mafufacturer and taking

accour
equipp

probirlg
using ¢ne of the probing systems specified by the manufacturer

for CM

in the
error,
PForm.

Inty of measurement according to 150 14255-1,

size error, Psize Sph.1x25:j:0DS, is not greater than the maximum permissible probing$ize er

measurement error, EBi.j:0ps or Euni;j:0Ds, IS not greater than the maxifnum permissible ler

t the uncertainty of measurement according to ISO 14253-1 and [SO/TS 23165. If the C
ed with optical distance sensors also has another type of probing systems (such as a tac

ror,
y of

gth
nto
MM
tile

system and an image probing system), the length measurement test shall be performed

Ms equipped with area measuring sensors,

case in which an additional local test flat or Iarge sphere is measured, the probing f
PForm.Sph.1x25:j:0DS, is also not greater than.the maximum permissible probing form er
ph.1x25::0DS,MPE, as specified by the manufacturer and taking into account the uncertaing

measufrement according to 1ISO 14253-1,

probi
probi
accour

in the
value,
disper
the un

brm
ror,
y of

dispersion value, Prorm.Sph.D95%::0D5, 1S not greater than the maximum permissible limft of

g dispersion value, Prorm.Sph.D95%3:0DS,MPL, as specified by the manufacturer and taking
t the uncertainty of measurement according to ISO 14253-1,

case in which an additionallocal test flat or large sphere is measured, the probing disper

sion value, Prorm.Spi.D95%::0Ds,MPL, as specified by the manufacturer and taking into accq
Certainty of measurement according to ISO 14253-1,

nto

bion

PForm.Sph.D95%:j:0DS, AS ‘@lso not greater than the maximum permissible limit of probing

unt

probing size error AM, Psize sph.allj:0Ds, is not greater than the maximum permissible probing

size er
uncert

flat for

ror All, Psize:Sph.All;j:0DS,MPE, as specified by the manufacturer and taking into account
hinty ofineasurement according to ISO 14253-1,

m.fheasurement error, Eform.Pla.D95%::0DS, iS not greater than the maximum permissible

the

flat

form npeasurement error, Erorm Pla D959%-j-0ns MPE, as specified by the manufacturer and taking

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

7.1.2 Data rejection and repeated measurements

7.1.2.1 Probing form error

nto

If the probing form error performance is not verified by the test, the probing equipment shall be checked
for the faults that could be influencing the measurement result. Any faults shall be corrected and the
relevant test repeated once only, and the original measurement results shall be discarded.

No additional repeated measurement shall be performed.
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7.1.2.2 Probing size error

If the probing size error performance is not verified by the test, the probing equipment shall be checked
for the faults that could be influencing the measurement result. Any faults shall be corrected and the

relevant test repeated once only, and the original measurement results shall be discarded.

No additional repeated measurement shall be performed.

7.1.2.3 Probing dispersion value

If the probing dispersion value performance is not verified by the test, the probing equipment shall be

che
and

Cked for the faults that could be influencing the measurement result. Any faults shall-hg
the relevant test repeated once only, and the original measurement results shall be-dis¢c

No pdditional repeated measurement shall be performed.

7.112.4 Probing size error All

If the probing size error All performance is not verified by the test, the probing equipme
chefked for the faults that could be influencing the measurement restilt-’Any faults shall bg
and|the relevant test repeated once only, and the original measurement results shall be disc

No additional repeated measurement shall be performed.

7.1{2.5 Length measurement error

A mlaximum of five of 35 sets of three repeated measure€ments in accordance with 6.3 may ha
no more than one) of the three values of the length measurement error outside the conformz

Eac
reni

h such measurement that is outside the conformance zone (according to ISO 14253-
easured three times at the relevant position.

If a
the

1 the values of the length measurement errors from the three repeated measurements
conformance zone (see ISO 14253-1), then the performance of the CMM is verified at that

7.1)2.6 Flat form measurement error

If th
che
and

e performance of flat-fortn measurement is not verified by the test, the probing equipmg
Cked for the faults that could be influencing the measurement result. Any faults shall bg
the relevant testrepeated once only, and the original measurement results shall be disc

No additional repedted measurement shall be performed.

7.2] Reverification test

corrected
hrded.

nt shall be
corrected
hrded.

Ve one (and
nce zone.

1) shall be

are within
position.

ent shall be
corrected
hrded.

Thd performance of the CMM with optical distance sensors is considered to have been verifi

Sph. ize BE orm (BE ize.Sp
greater tha mu missible e

BE ’ Al niij:

) oph. opn. ) J: ) 1
in 6.2 and 6.3 are not n the maximum per rrors and limit Prorm
Psize.Sph.1x25::0DS,MPE, PForm.Sph.D95%:j:0DS,MPL, PSize.Sph.All;j:0DS,MPE, EBi:;j:0Ds,MPE and Euni;j
determined in 7.1.

d if PForm.
described

.Sph.1x25:j:0DS,MPE,

:0DS,MPE as

Where relevant, the performance of the CMM with optical distance sensors is considered to have been
verified if additionally Eform.pla.095%:j:0Ds described in 6.4 is not greater than the maximum permissible

error Eform.Pla.D95%::0DS,MPE as determined in 7.1.
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8 Appli

cations

8.1 Acceptance test

In a contractual situation between a manufacturer and a user such as that described in a purchasing,
maintenance, repair, renovation or upgrade contract, the acceptance tests described in this part of
ISO 10360 may be used to verify the performances of the probing and the length measurement of a CMM
with optical distance sensors, in accordance with the specified maximum permissible errors agreed on
by the manufacturer and the user.

8.2 Rev¢

The reveri
system for
optical dis
stated by t

8.3 Inte

In an orgg

periodicallly to demonstrate the probability that the CMM conforms tothe-requirements for maxinju
b errors. The extent of the interim checks for optical distan¢e sensors specified in thisr;Lart

permissibl
may be red

brification test

[ication tests given in this part can be used in an organization’s internal qualityrassura
verification of the performances of the probing and the length measurement ofja CMM vy
ance sensors, in accordance with the specified appropriate maximum permissible erron
he user with all possible and detailed limitations applied.

rim check

nization’s internal quality assurance system, reduced reverification tests can be U

uced in respect of the number of actual measuring points’being assessed.

It is reco

m
have signIiIﬂicantly affected the probing performance.

9 Indic

The symbd
sheets etc.

Table 4 -

ended that the probing system be checked reguldrly, and after any incident which cq

ation in product documentation and data sheets

Is given in Clause 4 are not well suitable for use in product documentation, drawings, ¢
Table 4 gives the corresponding indications also allowed.

sheets, etc.

— Symbols and corresponding indications in product documentation, drawings, daga

nce
vith
S as

sed
m

uld

lata

Symbol used in this decument Corresponding indication

PForm.Sph.1x25::0DS P[Form.Sph.1x25:j:0DS]

PForm.SpiD95%:/:0DS P[Form.Sph.D95%:j:0DS]

Psize:Sph.1x25::0DS P[Size.Sph.1x25:j:0DS]

PSize.Sph.All:j:0DS P[Size.Sph.All:j:0DS]

EBi;j:ons E[Bi:j:0DS]

EUni:j:ops E[Uni:j:0DS]

EForm.Pla.D95%::0DS E[Form.Pla.D95%:j:0DS]

PForm.Sph.1x25::0DS, MPE MPE(P[Form.Sph.1x25:j:0DS])

PForm.Sph.D95%:/:0DS,MPL MPL(P[Form.Sph.D95%:j:0DS])

Psize.Sph.1x25:j:0DS,MPE MPE(P[Size.Sph.1x25:j:0DS])

Psize.Sph.All:j:0DS,MPE MPE(P[Size.Sph.All:j:0DS])

EBi:j:0DS,MPE MPE(E[Bi:j:0DS])

EUni:j:0DS,MPE MPE(E[Uni:j:0DS])

EForm.Pla.D95%:j:0DS,MPE MPE(E[Form.Pla.D95%:j:0DS])
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Annex A
(informative)

Structural resolution test

A.1 Introduction

TITCT U T CTTIrOUTT

Struictural resolution Rs should be clearly distinguished from the (metrological) resolution, i.e. the
mirfimum increment of the output data, of the instrument. Structural resolution characterizes the size
of the smallest structures separately measurable.

Qudntities influencing structural resolution are:

— |quantisation of A/D converters;

— |noise;

— |pixel grid of image sensor;

— |modulation Transfer Function or resolution of the optical system in use;
— |[filtering, averaging;

— |spot size of laser/beam diameter, or probing spot;

— |smallest structural dimension when applying the line projection principle;
— |size of image-processing window (autofecus sensor).

Theg multitude of influencing quantities'shows that the common formula, “pixel grid = resolytion”, does
not|hold true. The practical structural resolution is considerably lower. It is therefore impprtant that
thig characteristic be specified.ahd tested.

A.2 Test method

A.2l1 General

Take into account that additional movements at the relevant positions are required to allow for a three-
dimensionakfunctionality of one- and two-dimensional sensors. The speed at which these movements
areperformed affects the structural resolution and shall be adjusted, in accordance with the |nstruction
manual;to a value also used in practical measurements. The same holds for adjustable sensor parameters
suct as the sampling frequency. Resolution may be directional, and may be specified differently for
different directions. When using triangulation sensors, consider directionality when sampling edges.
Methods described in the following clauses are proposed for verifying spatial resolution.

A.2.2 Structure standard

The manufacturer specifies the smallest structure that can be resolved (pit, gap, spike, ball, or similar).
A material standard having this structure is produced and used to verify lateral resolution. If a rotation-
symmetrical structure is used, information on any direction in the plane can be obtained. By way
of example, consider Figure A.1, where a pit with a calibrated depth and diameter is measured. The
diameter of this pit equals the specified resolution. The depth shall be chosen by the manufacturer in
any convenient way ensuring reliable functioning of the sensor.
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The depth measured using the sensor is compared to the calibrated depth. The ratio of measured depth
over calibrated depth shall exceed 0,63 ( = 1 - e-1) for structural resolution to be less than or equal to
the pit diameter. If the ratio is less than 0,63, the specified resolution has not been obtained.

z z
10 \ / 0,63
q -
X X
a) Gap or pit having a depth of 1,0 unit and b) Structure is shown with only 63 % ofits cali-
width equplling cut-off wavelength brated depth

Figure A.1 — Determination of structural resolution using a structure standard

A.2.3 Edge structure

As the feature to be tested, use a right-angled edge structure of¢@ material standard (edge of a|pit,
spike, gap,|or similar). The dimensions (such as pit diameter anddepth) of the material standard shall
be considefably greater than the resolution to be verified. If a ¥otation-symmetrical structure is uped,
informatiop on any direction in the plane can be obtained. The quality of the edge (rounding of efige,
orthogonality) must be significantly better than the resolttion to be verified. As shown in Figure |A.2,
the edge pifofile is measured using a sensor, and the resultis used to determine the structural resolutfion.
The value thus obtained is compared to the specified value.

Z/\ Z/\
VA
q s
X x
a) Actual profile b) Measured profile

Figure’A.2 — Determination of structural resolution by measuring an edge structure

A.2.4 Wave standard

As a material standard, use a standard embodying one or several sinusoidal waves. The cut-off
wavelength to be verified, corresponding to the sought-for resolution, must exist on the material
standard. Amplitude and wavelength shall be calibrated. If a rotation-symmetrical structure is used,
information on any direction in the plane can be obtained.

The surface of the wave standard is measured using the sensor, and the result is used to determine
that wavelength of the standard which can still be resolved, as shown in Figure A.3. This wavelength
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is characterized by a ratio of measured amplitude over calibrated amplitude greater than 0,7. This
wavelength is compared to the specified resolution.

Z/\ Z/\
1’0 v >0‘707
e X
a) Calibrated height b) Height measured if structural resglution is

sufficient

Figure A.3 — Determination of structural resolution by measuring a wave standard

A.3 Fundamentals

The theory of systems shows that resolution limits can be definied in the temporal (here: in the spatial)
domain as well as in the frequency (here: spatial frequengy, i.e. periods per millimetre) domain. Both
Vieﬁs contain the same information and conversion froni one to the other (and vice versa)|is possible
by means of a Fourier transform. As a model for reselution limits, a first-order low pass (known as a
proportional element with first order delay in control engineering) is used.

Firgt, consider the spatial domain (see Figure“A.4). Characteristic structures (joint, step, [slope) will
give rise to the corresponding responses after filtering. A step is the most significant featuge from the
mefrological point of view; it is realized:\in the form of an ideally shaped step.

The constant X1, which is a filter characteristic, is the intersection between the tangent thfough zero
and/the height of the step at a sufficiently long distance from the tangent. This constant can bg converted
to g spatial cut-off frequency asfollows:
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For the step response in the spatial domain:

y=1-e

_x
X1

The spatial cut-off frequency, vg (unit: lines per millimetre) is the frequency at which the absolute value
of the transfer factor has fallen to 1/v2 (-3 dB limit):

Gjo)=——
Ge) 1+ jwX,
G(jw)| % = %(:)wg xX;=1
J1+o?xi V2
A
X =— 1 =_8
2ExXvg, 21
with Ag cutroff wavelength
N\
=~
>x X > X
a)) Calibrated height 1 1 b) Height measured if structural
- resolution is sufficient
p | 1+pXj
Figure A.4 — Step at the input of a system and response of the system, serving to determine the
limit of structural resolution
The step response (measurement of-anrideally shaped step), therefore, allows to calculate the cut-off
wavelength at which 70 % of height ofa sine profile are still transferred.
Figure A.5[illustrates this‘welation.
Strictly spgaking, tHisconsideration is only true for sine profiles (wave standards). However, rectangplar
profiles cah be uSed to a good approximation (this corresponds to the periodic extension of a positive
and a negdtive step having the width of a half-period). This rectangular profile is made up of a §um

of super-imposed sine waves (Fourier series). Considering only the fundamental (sinusoidal) way

e is

sufficient, as higher harmonics will Targely disappear due to low-pass filtering. Use a wave stan
having the resolution cut-off wavelength and check whether the transfer-factor is at least 70 % (sine) or
90 % (rectangular).

ard

Producing or procuring multi-wave standards is demanding and expensive. It is therefore practical to
obtain the same information on the step (see Figure A.4) or on two successive, opposite steps (gap).

32
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7 v

2)

><V

n/4=0,78

>,
X

Key
1 |corresponding to rectangle with a height of 0,78 units

2 |height decreases to 70 % of sine amplitude or 90°% of rectangle height

Figure A.5 — Sine and rectangular-waves having the period of the specified cut-off wgvelength,
and response signal in the case of a successful test
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Annex B
(normative)

Artefacts that represent a calibrated test length

ral

B.1 Gen

For econon
of artefact
annex) to y

A calibrate]
three categ

Tor

1y availability and practicality, it is the intent of this part of ISO 10360 to allow several-ty
5 to be used in testing a CMM provided they are appropriately adjusted (as described in
ield the same measurand, a calibrated test length.

d test length, as measured by the procedures of this part of ISO 10360, is designed to de
ories of CMM errors:

pes
Lhis

fect

a) geomefrical and thermal errors associated with the CMM between the twe’end points of the fest
length| either in a bidirectional manner or in a unidirectional manner;

b) if a bidirectional test is performed, size errors caused by an optical¢robing system, a CMM, andl an
articulating function for the probe if applicable;

c) repeatpbility problems as evaluated, in effect, by a single probing point or an equivalent

repres
Clauses B.}

In some ca
large CMM
These migl]
a longer ar
absence of
and the un

A laser int{
if it is used
requireme
workpiece
CMM, then

When a las
a point des
arrive at th
the CMM r¢

entative point on each end of the calibrated test lepgth.
, B.3 and B.4 describe common artefacts that may be used as a calibrated test length.

Kes, these artefacts may not be available ok 'sufficiently long, particularly when testing v
5. In this case, both parties may agree to(ise other means to generate a calibrated test len
it include length standards that are stitched” together (i.e. overlapped end-to-end) to fi
tefact, or other types of laser-hased lengths. In the latter case, issues associated with
probing shall be accounted for (se€ B.3). In all such cases, the procedure shall be documer]
Certainties associated with these techniques shall be considered carefully.

brferometer that is corrécted for the index of refraction of air has a zero CTE (a = 0). He
to produce a calibrated-test length, it is considered a low CTE material and is subject to
nts of 6.3.4. Additionally, if the laser has a workpiece (material) temperature sensor, then|
CTE in the laser’s'software shall be set to 0. If a laser is used on a temperature-compensz:
the workpieee\CTE in the CMM'’s software shall be set to 0.

er interfergmeter is used to produce a calibrated test length, the CMM shall be positione
cribedsby nominal coordinates, without probing a surface. In this case, some CMMs may

reported C

e naminal position exactly. This does not necessarily resultin an error of indication as lo
pents the actual position. Consequently, for each testlength, the spatial distance betweeglthe
coordinates of points A and B shall be evaluated and compared w1 € distance indicated

ery
pth.
brm
the
ted

hce,
the
the
ted

d at
not

as

by the laser interferometer. It has to be ensured that the CMM coordinates used for the calculation of the
error include all compensations that would be considered during the probing process.

Some artefacts such as step gauges, multi-ball ball bars, ball plates, and laser interferometry can
produce multiple lengths relative to a “reference zero”. For example, a step gauge can measure lengths
“A” to “B”, “A” to “C”, etc., or an interferometer can measure the displacement from an initial position
to a series of subsequent positions (each of different length). In order to provide equivalency to gauge
blocks, the reference position, i.e. the “zero”, shall be re-measured each time a calibrated test length is
produced. That is, the “A” to “B” length and the “A” to “C” length must each have its own “A” measured
anew. Similarly, with interferometry, the initial position shall be re-measured for each displacement
used to produce a calibrated test length.
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In typical cases for testing CMMs equipped with optical distance sensors, the orientation of the sensor
may have to be rotated and adjusted appropriately for CMMs to be able to access target measuring
points or areas, e.g. a pair of points or areas facing diametrically opposite each other, on gauge block,
sphere, and so on.

An area with no larger than 5 mm?2 from the measuring area on the calibrated test length should be
selected and reduced to a representative point, except a case of point cloud measurement as described
in B.4.3.5.

Manufacturers should provide the software tools to reduce the data to a representative point. These
software tools should be usable under the normal operating conditions of the CMM. Use and condition

of the filtering, which is given in the manufacturer’s operating manual, may be applied as-a

too] by mutual agreement. The applied procedure of the filtering should be recorded and.repq
usef. When reducing the data to a representative point, a priori information (such asthe di:
the|centre coordinate of the test sphere) should not be provided to the reducing software. T
thefarea is a part of a sphere or a flat should be provided.

If tH
may
ren
and
the

e software has an automated function to remove points belonging to another surface, th
' be used. If the manual selection of points evaluated is a part of the normal operating pro
oving points that belong to another surface, this data selection should’be specified in the
performed also during the test. The automated or manual dataseléction should not be 1
elimination of noise or outliers.

NO1
the
algg

E For the data elimination, the user is encouraged to have/enough knowledge, e.g. chara
optical distance sensor, the optical properties of the surface“of the test sphere, ambient illum
rithm of the filter.

bart of this
rted to the
imeter and
he fact that

is function
Cedure, e.g.
data sheet
hisused for

Cteristics of
ination and

Multiple methods can be considered to reduce the nmieasured points to a representative point for each

areq. The easiest method is to either select a single point within each of the areas or to calcula

int ofthe gauge, and sensing these probing points from diametrically opposite dire
re’B.1 as examples of external bidirectional measurements) Internal and external bi

te asimple
each area
method is

' should be

Iring

[ length. A
ch gauging
Ctions (see
directional

methods are descrlbed below

NOTE

asurement

Bidirectionality and unidirectionality is defined by probing errors not by probing direction.

Some optical distance sensors may obtain probing points without probing motion. However, if a sensor
requiring probing motionis tested, itisrecommended to follow the probing direction shownin Figure B.1.
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. 5 1 2
PD PD
PD PD S l—
: ol M o)
a) b)

Key

a  gauge Hlock PD probing direction
b  step gahge 1 position1

¢  ball baf (end-point-to-end-point measurement) 2 position 2

d ball baf (four-point measurement)

e laser interferometer

Figure B.1 — Exaniples of bidirectional measurements, each probed
with’a single-point-to-single-point or equivalent

B.2.2 Gajge blocks

A calibrated test Iength may be produced using a calibrated gauge block measured with a single-pq

to-single-p
probing po

bint\method where the point is a single point or a representative point. It is advised that ¢
ntbelocated at the calibrated gauging point for the block. See Annex C for alignment procedy

int-
ach
res.

B.2.3 Step gauges measured in a bidirectional manner

A calibrated test length may be produced using a calibrated step gauge measured with a single-point-
to-single-point bidirectional method where the point is a single point or a representative point (see
Figure B.1). See Annex C for alignment procedures.

B.2.4 Ball bars/ball plates measured in a bidirectional manner

A calibrated test length may be produced using a ball bar/ball plate where the length is equal to the
calibrated sphere centre-to-centre length plus a summation of one half of the calibrated diameter of a
sphere and that of the other sphere. The gauge is measured in a single-point-to-single-point bidirectional
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manner where the point is a single point or a representative point (identical to bidirectional size
measurement on a gauge block). See Annex C for alignment procedures.

B.2.5 Laser interferometry measured in a bidirectional manner with optical probing

A calibrated testlength can be produced using a laser interferometer and a material standard calibrated
for the size, and measured by two probing points or two representative points. The calibrated testlength
is the sum of the calibrated length of the material standard of size and the displacement recorded by a
calibrated laser interferometer system. The material standard of size is measured with a single point or
a representative point at the initial position. Then the opposite face of the material standard of size is

B.3 Unidirectional measurements for verifying unidirectional length mieasur-
ing performance

A uhpidirectional measurement of a calibrated gauge yields a unidirectional calibrated tegt length. A
unidlirectional measurement involves probing a probing point or a représentative point on edch gauging
point of the gauge, and sensing these probing points from the samg:nominal direction (see Higure B.2).
Ong sided unidirectional measurements from different directiors shall not be mixed on a mdasurement

NOTE Bidirectionality and unidirectionality is defined by probing errors not by probing directign.

Sonpe optical distance sensors may obtain probingpoints without probing motion. However, if a
senfor requiring probing motion is tested, it is reeommended that the probing directiof shown in
Figuire B.2 be followed.
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1 2
7D, s 2
0 om ! P
1 1]
a) b)
1
PD

c) d)
1 2
PD PD
—! —!
74 EI
e)
Key
a  gauge Hlock PD probing direction
b  step gapige 1 position 1
¢  ball bay (end-point-to-end-point measurement) 2 position 2
d ball baf (four-point measurement)
e laser interferometer

Figure B.2 — Examplés of unidirectional measurements for verifying the unidirectional length
measuring performance

B.3.2 Gapge blocks

A calibrated test length may be produced using wrung calibrated gauge blocks measured with a
single-point-to-single-point method where the point is a single point or a representative point. It is
recommended that each probing point be located at the calibrated gauging point for the block. See
Annex C for alignment procedures.

B.3.3 Step gauges measured in a unidirectional manner

A calibrated test length may be produced using a calibrated step gauge measured with a single-point-
to-single-point unidirectional method where the point is a single point or a representative point (see
Figure B.2). See Annex C for alignment procedures.
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B.3.4 Ball bars/ball plates measured in a unidirectional manner

A calibrated test length may be produced using a ball bar/ball plate where the length is equal to the
calibrated sphere centre-to-centre length with probing points measured as in Figure B.2 d). The gauge
is measured in a single-point-to-single-point manner where the pointis a single point or a representative

point. See Annex C for alignment procedures.

B.3.5 Laser interferometry measured in a unidirectional manner with optical probing

A calibrated test length can be produced usmg a laser 1nterfer0meter and a material standard measured

by

Unidirectional measurements to be supplemented with bidirection
dasurements

de step gauges measured in a unidirectional manner, centre-to-centre distances of ball
bars, and some methods of laser interferometry(s€e Figure B.3).

the purposes of testing according to thisgpart of ISO 10360, the unidirectional med
Cribed in this clause shall always be combined with bidirectional measurements perfi
single-point-to-single-point manner where the probing point is a single point or a represent
in order to produce a bidirectional calibrated test length. These unidirectional measuremen|
be ysed alone for testing the length measurement performance of CMMs.

A c?
and
wit
sing

llibrated test length can be produced using the arithmetic sum of a calibrated unidirecti
a calibrated bidirectionallength specifically described in this clause (defaultis a shortg

Ile point or a representative point.

Au
leng
der

hidirectional length error obtained by point cloud shall not be used for evaluating uni
rth measuring. performance. However, it can be used for bidirectional length error
vation proeedure described in 6.3.5 is applied.

h the bidirectional length measured in a single point-to-single-point manner where thg

isplacement

ith a single

al

ented with
e point is a
ency. They
plates and

surements
brmed in a
ative point
ks shall not

bnal length
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1 2
PD, PD, 1 2
' L PD PD

1 2 RMD 1 2 CGAS1  CGAS2
PD PD e — e — >
g g ) N GAS < 3__GA
¢ Y- (-
L : s J N/
== S .
e) f)
g)
Key
a  gauge Hlock 1 position one
b  step gapge 2 position two
¢ ball baj (five-point measurement) GAS  Gaussian associated sphere
d ball baj (five-point measuremént) CGAS centre of the Gaussian associated sphere
e laser i:[erferometer with optical probing PC point cloud
f  laser infterferometer withgut optical probing PD probing direction
g pointcloud RMD ram motion direction
Figure B.3|— Unidirectional measurements to be supplemented with bidirectional measureme

nts

B.4.2 Calibrated test length composed of unidirectional measurements and bidirection-
al short gauge block measurements

For each measurement line under test, measure a short (default 25 mm) calibrated material standard of
size in a bidirectional manner as described in B.2.2.

The material standard of size shall be oriented along the measurement line, i.e. its axis shall be
approximately in the same direction as the measurement line under test. The location of the material
standard of size shall be as close as possible to the measurement line under test; however, for ease of
fixturing, the material standard of size may be located near the CMM table surface.
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