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ISO 230-1

Foreword

0:2022(E)

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.

Any
cons

For
expr|
the
WWY

The [procedures used OVe 2 2
desdribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianet

trade name used in this document is information given for thé convenience of users a
titute an endorsement.

an explanation of the voluntary nature of standards, the meaning of ISO specific
essions related to conformity assessment, as wélloas information about ISO's ad
(World Trade Organization (WTO) principles in?jthe Technical Barriers to Trade
v.iso.org/iso/foreword.html.

This
Test

This
revi

The

conditions for metal cutting machine tools,

third edition cancels and replaces the'second edition (ISO 230-10:2016), which has been
bed.

main changes compared to the previous edition are as follows:

The document scope has been revised to include specification in 7.2, 7.3 and 8.2;
h definition for laserlight barrier principle is added in 3.2.12;

Figures 1, 4, 6and’7 have been revised;

Symbols of\wariables in Formulae (3) and (4) have been changed to be consistent with
B.2.8.4.1

h néw'subclause 7.3 on "Determination of the performance of bore gauge systems" has |

iimenance are

bded for the
ce with the

e subject of
5. Details of
tion and/or

nd does not

terms and
herence to
(TBT) see

document was prepared by Technical Comynittee ISO/TC 39, Machine tools, Subcommittee SC 2,

technically

symbols in

been added.

anew subclause 6.2 on "Non-contacting laser light barrier tool measuring systems™ has

Alist of all parts in the ISO 230 series can be found on the ISO website.

been added.

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

The purpose of ISO 230 (all parts) is to standardize methods of testing the accuracy of machine tools,
excluding portable power tools.

This document specifies test procedures to evaluate the measuring performance of contacting and non-
contacting probing systems integrated with CNC machine tools. The test procedures are not intended to
distinguish between the various causes of errors. They intend to demonstrate the combined influence
of the environment, machine tool, probing system and probing software on the measuring performance.

The results

ofthacatacte daonat raflact an thao narformanecn Aftha machina tanl 1n o ynata] cobdin g
et OO ot T et T o trrc-p e rror et T CTH I CtoO O o e tor Cocert g 1t

ode.

When the t4
interest, in

The results
measuring
be evaluate

ottty P OTTtITe T

sts are required for acceptance purposes, it is up to the user to choose the tests thatja
hgreement with the manufacturer/supplier.

machine (CMM). Such performance involves traceability issues and it is intended that
d based on methods of ISO 10360-2 and ISO 10360-5.

re of

of these tests do not reflect on the performance of the machine tool used as.a coordinate

they

Test procedures to measure performance with touch trigger probes are given-in/7.1 and 8.1, scanning

probes in 7
laser light b

Numerically
such as

— identifi

— locatiof and/or alignment of the workpiece,

— dimens
— measul
— measuf

— detecti

|2, bore gauge systems in 7.3. and with non-contacting tool measuring systems appl
arrier principle in 8.2.

 controlled machine tools can apply probing systems in\machining process applicat

cation that the correct workpiece has been loaded before machining,

ional measurement of the workpiece after machining, but while still on the machine to
ement of the position and orientation ofthe machine tool rotary axes,
ement and setting of the cuttingtool (radius, length and offset of the tool), and

bn of tool breakage.

ying

ons,

—
-

Vi
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INTERNATIONAL STANDARD ISO 230-10:2022(E)

Test code for machine tools —

Part 10:

Determination of the measuring performance of probing

systems of numerically controlled machine tools

1 Bcope

This| document specifies test procedures to evaluate the measuring performance of prob
integrated with a numerically controlled machine tool. Test procedures for touch trig
systems and scanning probing systems operating in discrete-point measurenient mode a
in Z|L. Test procedures are specified for scanning probing systems in 7.2 for/bore gauge sy
for dontacting tool measuring systems in 8.1, and for non-contacting teolmeasuring systen
laser light barrier principle in 8.2.

The pvaluation of the performance of the machine tool, used as a€oordinate measuring macl
is oyitside the scope of this document. Such performance eyaluation involves traceabilif
strohgly influenced by machine tool geometric accuracy and.can, in addition to the machine {
system tests specified in this document, be evaluated acecepding to ISO 10360-2 and ISO 103

Desdriptions of test procedures in this document are referred to machining centres. Hoy
apply in principle to most NC machine tools.

2 Normative references

ng systems
ber probing
e specified
tems in 7.3,
1s using the

hine (CMM),
y issues, is
ool probing
60-5.

vever, tests

The [following documents are referred\to in the text in such a way that some or all of their content

congtitutes requirements of this doeument. For dated references, only the edition cited

hpplies. For

undgted references, the latest edition of the referenced document (including any amendments) applies.

[SO P30-1:2012, Test code far iriachine tools — Part 1: Geometric accuracy of machines opef
no-lgad or quasi-static conditions

[SO 230-3:2020, Testcade for machine tools — Part 3: Determination of thermal effects

3 [Ferms and definitions

For the purposes of this document, the following terms and definitions apply.

ating under

ISO and’/IEC maintain terminological databases for use in standardization at the following a

ddresses:

— IEC Electropedia: available at https://www.electropedia.org/

— ISO Online browsing platform: available at https://www.iso.org/obp

NOTE In measuring mode, machine tools are used like CMMs. Therefore, definitions for probing systems

performance tests for CMMs apply also to machine tools. However, since not all machine tool users
with the use of CMMs, this document provides definitions specifically with machine tools in mind,
that they do not create any conflicts with CMM definitions.

© IS0 2022 - All rights reserved
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3.1 General terms

3.11

machine coordinate system

MCS

coordinate system fixed with respect to physical or calculated axes of a machine tool

[SOURCE: IS0 10360-1:2000, 2.5 — modified, reference to "machine tool" instead of "machine coordinate

system".]

3.1.2
workpiece
WCS
coordinate

[SOURCE: I§

3.1.3

measuring
three-dime
the machin

3.2 Term

3.2.1
probe
device that

Note 1 to en
achieve the s

Note 2 to ent
“contacting”

[SOURCE: I

3.211
contacting
probe (3.2.1

EXAMPLE

Note 1 to ent
of such prob

Note 2 to ent
feed speed a

q 4 .
coorarmnace SyoSLlill

system fixed with respect to a workpiece

0 10360-1:2000, 2.4]

volume
nsional space encompassing all linear coordinates that are accessible’ for measuremer
 tool

s relating to the probing system

senses a surface and generates the signal(s) duringgprobing

ry: There are several types of probes used on machine tools and they use different technologi
ame aim.

ry: Probes can either be “switching” types-or “proportional” types. These can be available as ¢
or “non-contacting” systems.

010360-1:2000, 3.1 — modified;Note 1 to entry and Note 2 to entry have been added.

probe
) that needs material contact with a surface being measured (detected) in order to fung

Electrical circuitbreakage, strain gauge.

ry: The contdctinig feed speed applied to obtain the material contact can influence the perform
bs. Proper,.contacting feed speed is specified in the manufacturer/supplier instructions.

ry: Farbest performance, the contacting feed speed applied during measurement is the same
bplied during probe qualification.

It on

es to

ither

tion

ance

s the

Note 3 to entry: Typical contacting probes that operate in the - X, + X, = Y, + Y and - Z directions, and In any
combination of such directions, are sometimes referred to as 2,5D probes. These contacting probes do not allow

for (or allow

for very limited) operation in the + Z direction.

Note 4 to entry: Measurement in the + Z direction capability can be obtained by the use of stylus systems
equipped with multiple styli, as depicted in Figure 1, where stylus tip 2 (moving in the + Z direction) contacts
the workpiece surface and causes the probe to generate the signal as a consequence of the deflection in the - Z

direction.

3.2.1.2

non-contacting probe
probe (3.2.1) that needs no material contact with a surface being measured in order to function

EXAMPLE

Optical and laser systems, inductive and capacitive systems.

© IS0 2022 - All rights reserved
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Note 1 to entry: In this document, only laser light barrier systems as a non-contacting probing system is included.

3.2.1.3

switching probe

touch trigger probe

probe (3.2.1) that gives a binary signal as a result of detection of a surface

3.2.14

lase

r light barrier principle

principle utilising a laser light transmitter and an opto-electronic receiver to detect light interruption
for performing non-contacting measurement tasks

3.2.*
probing

top
mea
falsd

Note
dete

Note

statqg.

[SOU
Notd

3.2.
1D g
mea
one

3.2.
2D
mea

Note
in IS

robe

/true values)

1 to entry: Probing associated with the measurement of cutting tools dees Mot necessarily
mination of coordinate values.

2 to entry: Probing associated with tool breakage detection results‘in the determination of

RCE: 1SO 10360-1:2000, 2.7 — modified, definition has been partly modified by explaini
1 to entry and Note 2 to entry have been added.]

.1
robing

lvorkpiece coordinate system axis

p.2
robing
surement allowing for probing motion along a vector in a plane

1 to entry: Independent qualification for stylus tip 1 and for stylus tip 2, and additional tests,
D 10360-5.

surement action that results in the determination of values (e.g., coordinatervalues, length values,

result in the

a false/true

ng “values”,

surement allowing only for probing motion-parallel to one machine coordinate system axis or to

hre specified

© IS0 2022 - All rights reserved
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Key
1
2
3

stylus ti
stylus ti
spindle

3.2.2.3
3D probing
measureme

3.2.3

probing sy
system con
transmissid

software and, where present, probe extensions, probe changing system, stylus and stylus extens

when used

Note 1 to e
contacting p
line, as depi
and for appli
line with res

[SOURCE: I

3.2.4
probing sy

b 1 4 tool holder
h 2 5 probe
6  workpiece

Figure 1 — Probing-tool equipped with'2 styli

nt allowing for probing motion along any veetor in space

stem

n system (e.g. optical, radio, wire))signal conditioning hardware, the probing hardwarg

n conjunction with a suitablé'numerically controlled machine tool

try: Some of the tests-specified in this document are referred to probing systems consisti
Fobes equipped withra'single stylus system that is parallel to the machine tool spindle axis avg
ted in Figure 2. Eernapplications using stylus systems equipped with multiple styli (see Figuj
cation where measurement is performed by using multiple orientations of the spindle axis av{
pect to the WCS,-ddditional tests are specified in ISO 10360-5.

0 10360-1:2000, 2.6 — modified, Note 1 to entry has been added.]

5tem qualification

Gisting of a probe (3.2.1), contacting-probe (3.2.1.1) or non-contacting probe (3.2.1.2), signal

and
ons,

hg of
rage
e 1),
rage

establishment of the parameters of a probing system (based on manufacturer/supplier instruct

necessary for subsequent measurements

ons)

Note 1 to entry: Effective stylus tip diameter (3.2.6) and location of the stylus tip centre with respect to spindle

axis average

line are typical parameters established by probing system qualification.

Note 2 to entry: Suppliers’ technical literature sometimes refers to probing system qualification with the
expression “probing system calibration”; this expression is not appropriate.

[SOURCE: ISO 10360-1:2000, 3.7 — modified, Note 1 to entry and Note 2 to entry have been added.]

© IS0 2022 - All rights reserved
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3.25

pre-

travel

0:2022(E)

distance between the point of first material contact of the probe stylus tip with the surface being
detected and the point where the probe signal is generated

Note 1 to entry: Pre-travel is affected by probe construction, probing direction, probing speed, switching force,
stylus system length and compliance, time delay between probing signal and machine tool position transducer
read-out, etc.

Note 2 to entry: Pre-travel variation (commonly referred to as “lobing”), under specified probing conditions, is a

very

important probing system characteristic.

Note
travd

3.2.6

effe

3 to entry: Some probe qualification techniques can significantly reduce the effects of probing
1 variation.

D
ctive stylus tip diameter

system pre-

pasurement

5 tip size.

5

bing system
finterest.

effective stylus tip size

stylus tip dimension used by some probing software to determine feature‘size from the m
data

Note| 1 to entry: The effective stylus tip diameter (size) is associated with probing system perforgance and is
determined by appropriate probing system qualification, rather than by simply measuring the stylu
3.2.7

stylus tip

phydical element that establishes the contact with the object to measure

[SOURCE: ISO 10360-1:2000, 4.2 — modified, "workpiece" replaced with "object to measure
3.2.8

styluis system

system composed of a stylus and stylus exterision(s) (if any)

[SOURCE: I1SO 10360-1:2000, 4.4 — modified, Note 1 to entry has been added.]

Note|1 to entry: Stylus extensions can.reduce stylus system stiffness and can adversely influence pr
perf¢rmance. Therefore, perfornfance tests are carried out using the particular stylus extension(s)
3.2.9

styllis system length

<spH

of thie stylus systeni\(3.2.8)

Note

Note
of th

erical stylus tips-distance from the centre of the stylus tip to the feature interfacing wit

1 to entry=~See Figure 2.

2 to éntry: Some probing systems (3.2.3) establish the stylus system length as the distance fro
e stylus tip and others from the most protruding point of the stylus tip.

h the probe

Im the centre

© IS0 2022 - All rights reserved
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stylus

stylus tip (3.2.7)

stylus e3

Q W N =

stylus sy

3.2.10
probing-to
device cons

Note 1 to enfry: See Figure 2.

3.2.11
probing-to
distance fr¢

pl length

tension (3.2.9)
stem length

Figure 2 — Stylus system length

pl
isting of a probe and its stylus system (3.2.8), attached to a tool holder

m the most protruding point of the stylus tip to the machine tool spindle reference suj

or gauge li
Noteltoe

Note 2 to en
stylus tip to

most protrudling point of the stylus tip to the machine tool spindle reference surface that connects to the pro

tool.

Note 3 to enf
For other to(

Note 4 to ent]
length is con|

Note 5 to er
supplier inst

nr]jy: See Figure 3.

that connects to the probing-tool (3.2.10)

[ry: Some probing systems establish the probing-tool length as the distance from the centre g
the machine tool spindle reference surfacé that connects to the probing-tool and others fron

ry: For solid-shank-type tool halders, the spindle reference surface is at the spindle cone gauge
1 holders (hollow shank), thee spindle reference surface is the spindle face.

ry: Typically, the probifig)system is handled by the machine controller as a tool, therefore, the oy
sidered.

try: The procedure for establishing the length of the probing-tool is specified in manufact
Fuctions.

face

f the
h the
bing-

line.

erall

irer/

© IS0 2022 - All rights reserved
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3
/ 4
/
L
Key
1 dpindle 4 stylus
2 tpol holder L probing-tool length
3 grobe
Figure 3 — Probing-tool length
3.2.12
stylus tip offset
effe¢tive distance from the centre of the stylus tip to the axis average line of the spindle, ih which the
proling-tool is mounted
Note|1 to entry: Test for stylus tip offset see 7.1.3.
3.3 | Terms relating to probing performance
3.3.1
probing repeatability
degilee of closeness of coordinate values-provided by the probing system when it is repeatg¢dly applied
to tHe same measurand of the feature’/such as surface location, circle or sphere centre under the same
test ponditions
Note|1 to entry: This definitionspécifically refers to the scope of this document and the probing syjstems under
test;[it is not extended to the-gerneral definition associated with the metrological characteristics deffned in other
International Standards.
Note|2 to entry: Probing/repeatability can be expressed quantitatively in terms of the dispersion chfaracteristics
of thg measured values or by the range of measured values.
Note|3 to entry:)Probing repeatability relates to the complete probing system. It is not comparableg with “probe
repeptability’"as defined in the probe suppliers’ handbooks.
3.3.2
probimgerror
Pery

error within which the range of the radii of a reference artefact can be determined by a machine tool
using one stylus system (3.2.8)

Note 1 to entry: In the symbol, Py, the character P indicates that the error is related primarily to the probing
system performance, the character F indicates that it is a form error, the character T refers to a contacting

(tact

ile) probing system and the character U indicates the use of a single (unique) stylus.

Note 2 to entry: A typical reference artefact for 2D probing is a ring calibrated for form. A typical reference
artefact for 3D probing is a sphere calibrated for form.

Note 3 to entry: 2D probing error, Py ,p, is addressed in 7Z.1.5 and 3D probing error, Pgry 3p, is addressed in
7.1.6.

© IS0 2022 - All rights reserved
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Note 4 to entry: 2D probing error Pgry 5p is named Ppy ., cir1x36:55:Tact il SO 10360-5:2020, and 3D probing error

3.4 Terms relating to scanning probes

3.4.1

rest position
unloaded position
position of the centre of the probe’s stylus tip when it is stationary and not deflected by contact with a

surface

Note 1 to en
The actual r¢

3.4.2
maximum
maximum
measureme

Note 1 to enfry: The maximum scanning deflection can vary with direction of deflection(x,y,z).

3.4.3
probe over

maximum deflection of the centre of the probe stylus tip from the)rest position that can be apj

without cay

3.4.4
minimum s
minimum d
scanning m

Note 1 to en|
with the sur

3.4.5

scaruming;nmeasnlrennern:raruge

maximum 3

by the manfifacturer/supplier

Note 1 to ent
andY, + 0,21

Note 2 to en
deflection arf

deviatio

approxi

!

ry: The rest position is a nominal position that is established during probing system qualifica
st position at any time typically varies slightly from this value.

canning deflection

nt as specified by the manufacturer/supplier

-travel limit

sing damage to the probe stylus assembly as specifiedby the manufacturer/supplier

canning deflection
eflection of the centre of the stylus tip froem its rest position that is allowed duri
pasurement as specified by the manufacturer/supplier

try: Deflection is programmed to be largéenough to ensure that the stylus tip maintains co
ace throughout the measurement.

llowed distance between(the nominal scan line (3.4.7) and the actual scan line, as spec

hm in Z.

fry: The scanning measurement range is less than the difference between the maximum scar
d the mipimim scanning deflection for a number of reasons, including

n from,the pre-defined tool path caused by machine tool path following errors,

tion.

eflection that can be applied to the centre of the probe’s stylus tip during a scanning

blied

ng a

ntact

ified

ry: This distance may-be expressed separately for the different axes of the probe, e.g. + 0,3 mn} in X

ning

mations during tool-path generation (e.g. approximating a curve by straight line segments), and

deviations, surface finish).

3.4.6

tip centre point

tip centre

indicated position of the centre of the stylus tip during a measurement

Note 1 to entry: This is also known as an “indicated measured point” (see ISO 10360-1:2000, 2.12).

additional probe deflection caused by movement along the surface (e.g. friction, local surface normal

© IS0 2022 - All rights reserved
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3.4.7
target scan line

ISO 230-10:2022(E)

nominal scan line
line along which target contact points lie

[SOURCE: ISO 10360-1:2000, 7.2]

3.4.8

pre-defined path scanning
method of scanning in which the motion of the probing system between two defined points is directed
by a target scan line

Note|1 to entry: In this method of scanning, feedback from the probing system is not used to direct A

the grobing system.

[SOURCE: ISO 10360-1:2000, 7.5, modified — Note has been deleted and Note 1 to entry has b

3.49

discrete-point measurement

meapurement of a single point on a surface using the analogue measurement capability of

prole, where the nominal motion of the probe is normal to the surface.being measured

4 Symbols

For the purposes of this document, the following symbols apply.

D reference ring diameter or reference-sSphere diameter

Dgc bp diameter of circle measurement for 2D scanning test (ring)

Dgc kp diameter of circle measurément for 3D scanning test (sphere)

E minimum expected imeasurement repeatability

Ecirlp size error for circle diameter measurement

Ecirfrp,F range of measured circle form error for time delay variation test
Ecirfrp,F MaX maximtin measured circle form error for time delay variation test
Ecirfrp,p time’delay variation error for the circle diameter measurement
Ecirlrp x X-axis circle centre location error for time delay variation test
Ecirlrpy Y-axis circle centre location error for time delay variation test
Ecmilx X-axis combined machining and location error

EcvLy Y-axis combined machining and location error

Ecvz Z-axis combined machining and location error

Ecor x X-axis error for corner location

Ecory Y-axis error for corner location

Ecorz Z-axis error for corner location

Euy X\ilfscgziﬁntation in the reference plane identification error in the Y-axis
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Esc2p,p1a diameter error for 2D scanning test

Esc 2p,FOoRM form error for 2D scanning test

Esc 2p,pos positional reproducibility for 2D scanning test

Esc 3p,p1a diameter error for 3D scanning test

Esc 3p,pos positional reproducibility for 3D scanning test

Esc 3p FORM form error for 3D scanning test

Espup size error for sphere diameter measurement

EspyTp,F range of measured sphere form error for time delay variation test
Espy p,EMAK maximum measured sphere form error for time delay variation test
Espytp,D error of sphere diameter measurement for time delay variation. test
Esphp x X-axis sphere centre location error for time delay variation‘test
Esputpy Y-axis sphere centre location error for time delay variation test
Esputp,z Z-axis sphere centre location error for time delay variation test
Esprrp,x X-axis error for single axis time delay variatjontest

Esprrpy Y-axis error for single axis time delay variation test

Esprrp,z Z-axis error for single axis time delayvariation test

Epiaz WLCS reference plane identification error in Z-axis direction

Eweg x size error for web measurenient in the X-axis direction

Ewgpy size error for web méasurement in the Y-axis direction

F measurement feed-speed

Fr form error.af-the ring

F form eprer at the sphere

Fsc 2p form ‘error for 2D scanning test

L tool length

Loy, tool breakage threshold

0 stylus tip offset

Prry probing error definition

Pgry2p 2D probing error

Pgry3p 3D probing error

r radial distance (with r,, maximum and r,;, minimum distance to centre)
R tool radius

10 © IS0 2022 - All rights reserved
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R, tool corner radius

Reirp repeatability of circle diameter measurement

Reir x repeatability of circle centre location in the X-axis direction
Rery repeatability of circle centre location in the Y-axis direction
Remy x X-axis combined machining and location repeatability

Remuy Y-axis combined machining and location repeatability

Remil z Z-axis combined machining and location repeatability

Rprilx repeatability of probing-tool location in the X-axis direction
Rpqily repeatability of probing-tool location in the Y-axis direction
Rpqil7 repeatability of probing-tool location in the Z-axis direction
Rg radius of sphere

Rgprlx repeatability of sphere centre location in the Xaxis direction
Rgpily repeatability of sphere centre location in.the Y-axis direction
Rgpil7 repeatability of sphere centre location in the Z-axis direction
RsplL N tool-length setting repeatability with a non-rotating tool
RsplL R tool-length setting repeatability with a rotating tool

Reptip R tool diameter setting repeatability

Rspulp repeatability of sphere diameter measurement

Rgprix repeatability @fiSingle-point probing in the X-axis direction
Rgprly repeatability of single-point probing in the Y-axis direction
Rspqly repeatability of single-point probing in the Z-axis direction
Rweg x repeatability of web size measurement in the X-axis direction
Rwepy repeatability of web size measurement in the Y-axis direction
Ryy XY-plane scanning measurement range

RyNEG Z-aXIs measurement range for negative material condition
Rypos Z-axis measurement range for positive material condition

S spindle speed

Tsc 2p time for 2D scanning test

Tsc 3p time for 3D scanning test

Xsc 20 centre coordinate X-axis 2D scanning test (ring)

Xsc3p centre coordinate X-axis 3D scanning test (sphere)

©1S0 2022 - All rights reserved 11


https://standardsiso.com/api/?name=640385fa97d09ec0ce81d5af1e5ad011

ISO 230-10:2022(E)

Y,SC,ZD
Y,SC,SD

ZSQSD

centre coordinate Y-axis 2D scanning test (ring)
centre coordinate Y-axis 3D scanning test (sphere)

centre coordinate Z-axis 3D scanning test (sphere)

5 Preliminary remarks

Influences on the measurement performance of the probing system

5.1
Measureme
limited, sm
The main in
a) repeatg
b) geomet]
straigh
c) contam
d) probing
e) probing
f) temper

nt performance of the probing system includes the machine tool characteristics(oy
11 volume and shall not be simply derived from the stand-alone probe specifications!

fluences on performance of probing systems of a machine tool are the followifg:
bility of machine tool;

ric accuracy of machine tool, i.e. positioning accuracy (including sesolution, backl
[ness, roll, pitch, yaw error motion, squareness between axes, etc.;

ination of surfaces being measured (detected);

I system qualification;

pture influences on machine tool, probing system, artefact and workpiece or cutting

includipg of moving axes and spindles;

g) feedsp
h) standof
i) time dg
transdy
j) surface
Workpiece

bed and accelerations during measurement;
f and overtravel distances;

lay and time delay variation betwgen probing signal and read-out of machine tool pos
cers;

roughness of workpiece.probed.

probing repeatability shall be checked in accordance with the tests in 7.1.2; probing

location repeatability shall bechecked in accordance with the test in 7.1.4; tool setting repeatah

shall be che

Testing for
limited, sm

Testing for

cked in accordaiice with the tests in 8.1.3.

berformance-of workpiece probing system and geometric accuracy of the machine tool
1l volunie)is given in 7.1.5 and 7.1.6.

fimé delay variation between probing signal and read-out of machine position transdy

is given in 7

 error and repeatability of probing system, including prebing-tool changing and relocat

er a

hsh),

—

on;

tool,

tion

-tool

ility

(ina

cers

.1.9; feature size measurement performance tests are given in 7.1.10.

Temperature influences are best observed using procedures given in 6.2 and in ISO 230-3.

5.2 Measurement units

In this document, all linear dimensions and deviations are expressed in millimetres. All angular
dimensions are expressed in degrees. Angular deviations are, in principle, expressed in ratios but in
some cases, microradians or arc-seconds may be used for clarification purposes. Formula (1) should be
used for conversion of the units of angular deviations or tolerances:

0,010/1

12

000 =10 prad = 2”

(M
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5.3 Reference to ISO 230-1

To apply this document, reference should be made to ISO 230-1, especially for the installation of the
machine tool before testing.

5.4 Recommended instrumentation and test equipment

The measuring instruments indicated in the tests described in the following clauses are examples
only. Other instruments measuring the same quantities and having the same or smaller measurement
uncertainty may be used instead. Reference shall be made to ISO 230-1:2012, Clause 5 that indicates

the relationship between measurement uncertainties and the tolerances. Valuable information on
meafpuring instruments can also be gathered from ISO/TR 230-11.

5.5 | Machine conditions prior to testing

Before starting the measurements, the machine tool geometric performance shall be pssessed in
accordance with relevant International Standards (e.g. ISO 230-1, ISO 230-2;ISO 230-3, ISO [10791-1).
NOTE Appropriate national standards can apply.

In adldition, the procedures for probe configuration and qualification shall be performed 3
the ¢onditions specified by the manufacturer/supplier.

ccording to

5.6 | Testing sequence

cal order of
bmbination.

The [sequence in which the tests are presented in thisdocument does not define the practi
testing. The tests described in Clauses 6, 7 and 8 maybe performed either singly or in any c

5.7 | Tests to be performed

Whe
in th
in ag
clea
with
canf

The
shoy
cond

5.8

n testing a machine, it is neither always necessary nor possible to carry out all the test
is document. When the tests are:required for acceptance purposes, it is up to the use
rreement with the manufacturer/supplier, those tests which are of interest. These te
'ly stated when ordering a machine. Mere reference to this document for the accep
out specifying the tests that'shall be carried out, and without agreement on the releva
ot be considered binding for any contracting party.

tests in this document are applicable to both acceptance testing and re-verification
ld be run periodigally, after a crash of the probe or machine, or if any of the follow
itions are changed:

Feed speed,during measurement;

styluSsystem (in particular stylus system length);

s described
I to choose,
sts shall be
ance tests,
t expenses,

esting, and
ing probing

eed speed during gualification;

probing system orientation during measurement (e.g. vertical or horizontal orientation
probe;
nominal deflection;

measurement range.

Sources of test uncertainty

of probe);

The tests described in this document reveal the characteristics of the probing system as a measuring
instrument. Therefore, they are characteristically different from the tests described in other parts
of ISO 230. For example, when testing the repeatability of positioning of a numerically controlled
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machine tool axis, the aim is to determine the repeatability of a specific machine tool characteristic
under specified repeated measurement conditions. It shall be noted that this document focuses on the
determination of the performances of a specific measuring system: the probing system itself; therefore,
consideration is made to estimate test uncertainty components rather than measurement uncertainty
components as specified by ISO/TR 230-9, for example the uncertainty of the probe/probing is not
included in the test uncertainty.

Valuable information can be gathered from ISO/TS 23165.

The main contributors to the test uncertainty for probing system measurement performance tests are

ertainty of the calibration of the reference artefact, i.e. test ring or test sphere, W|
ble;

nment of the reference ring(s), where applicable;
uring of the reference artefact, where applicable;

hpensation of thermally induced errors, when measuring at temperatures outsidg
cturer/supplier environmental temperature guidelines, performedih accordance with

If tests are performed at temperatures complying with the manufacturer/supplier guidelin|

rironmental temperature guidelines are given, the test results¢roperly represent the metrolg

vironmental temperature variation error (ETVE):during the time of measuren
ively the repeatability of the measurements due.to the actual test environment excee
nufacturer/supplier environmental temperature'guidelines.

rting of test results

Relevant pdrameters of the test shall be reported,-including the following:

cation of machine tool;

cation of measuring softwake:and version number, where applicable;
cation of NC-software and version number, where applicable;

cation of probe/sensor;

cation of stylus.system components and length;

witchingforce setting, where applicable;

1 and\@rientation of the probe/sensor, if not fixed by design of the machine tool;

here

the
6.1;

es or
gical

bristics of the probing system under test; therefore, there is ng.contribution to the test uncertainty.

nent,
ding

mension and identification of artefact or tool measured;

location of the artefact in the machine tool measuring volume, where applicable;

feed speed during probe qualification and during test;

probing distance during probe qualification and during test;

probing points number and distribution;

programmed spindle speed, where applicable;

relevant machine temperatures and ambient temperatures;

warm-up cycle.

as follows:

— the un
applica

— the alig

— the fixt

— the cor
manuf3
NOTE
if no enj
charact

— the en
respect
the maj

5.9 Repa

a) identifi

b) identifi

c) identifi

d) identifi

e) identifi

f) probeg

g) positiol

h) type,d

i)

j)

k)

)

m)

n)

0)
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6 Thermal influences

6.1 General

According to ISO 1, Unless otherwise specified, the reference temperature for industrial dimensional
measurements is 20 °C; therefore, the measuring instruments and the measured objects should be in
equilibrium with the environment where the temperature is kept at 20 °C or the specified reference
temperature. If the environment is at a temperature other than 20 °C or other than the specified
reference temperature, nominal differential thermal expansion (NDE) correction between the
measurement system and the measured ob]ect shall be made to correct the results to correspond to
ral operation
of the machine tool, shall be used; addltlonal NDE correction, just for the measurements, shall not be
used to correct the thermal distortions of machine position transducers.

6.2 | Environmental temperature variation error (ETVE) test

An HTVE test (as specified in ISO 230-3:2020, Clause 5) shall be conducted pijiot to the prob¢ evaluation
testg. The duration of the ETVE test should be agreed on between the manufacturer/suppller and user
and fhould include the anticipated probing time.

ETVE tests are designed to reveal the effects of environmental temperature changes on the machine.
They shall not be used for machine tool comparison.

The [manufacturer/supplier (of the machine tool or of the\probing system) shall define the thermal
environment in which the specified probing system performance can be achieved. It ghall be the
resplonsibility of the user to provide an acceptable thermal environment for the probing operation.
Howlever, if the user follows the guidelines provided by the probing system/machine tool mapufacturer/
supplier, or if no guidelines are provided, the responsibility for probing performance according to the
spedification reverts to the machine tool or probing system manufacturer/supplier.

If probing capability is added to an existing machine tool, specification for thermal envjronment is
subjgct to an agreement between the manufacturer/supplier and the user.

The [ETVE test shall be performed probing a sphere/a ring/a plane several times and evaluating the
charge of the sphere centre/circle centre coordinates or the plane location. The test shoulld last for a
peripd that equates to the neminal duration of the probing system tests.

The presentation and the.interpretation of the results shall be in accordance with 1SO 230-3:2020, 5.3.

6.3 | Other thermal distortion tests

If the probing-system is applied just after machining operations or between machining opdrations, the
effe¢ts of ceoling of the machine tool, especially the machine tool spindle, shall be considefed. In such
casep, astemperature variation error test shall be carried out after warming up of the njain spindle
and/jof-machine tool axes, e.g. by performing movements of a typlcal machlmng operatjon prior to
meaSurenents— T e Tmachime—toomovenents—that—shatt-be peT formmed UUI TITstarce bpl 1dle speed,
duration of movement, movement of axes, feed speeds) for the temperature variation error test are
subject to agreement between the manufacturer/supplier and user and shall consider the typical
operations of the machine tool.

Individual performance tests in Clauses 7 and 8 may be carried out after performing typical movements
corresponding to machining operations, which are subject to agreement between the manufacturer/
supplier and user.
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7 Probing of workpiece

7.1 Touch trigger probes

7.1.1 General

This section applies to touch trigger probes and scanning probes used in discrete-point measurement
mode.

Typical workplece probmg systems for machlnlng centres offer measurlng capabllltles des1gr1ed
to performpetriet ed—-process—measurenter S after
machining, put Whlle st111 on the machine. Such systems usually prov1de information on the size-andl the
location of workpiece features, such as holes, bosses, webs, pockets, corners and single-point Surface
measurements, but they usually do not provide evaluation of form error of the measured workpiece
feature.

Enhanced rhachine tool probing systems exist that offer complex measurement eapabilities, sudh as
measurement of free-form deviation from the mathematical model. Other probing.systems allow fof the
implementdtion of measurement strategies that are typically available only oiCEMMs.

Probes usedl on machining centres for the probing of workpiece are typically’ connected to the madhine
tool spindlg. For many probing applications, the centre of the stylus tip-Sliould be located on the spindle
axis averagg line in order to allow for proper identification of the workpiece coordinate system (WCS)
with respe¢t to the machine coordinate system (MCS). In other typical applications (for example:
measurement of the distance between two nominally parallel machined surfaces, measurement of the
diameter of|a hole or a boss, etc.), where the alignment of the 8tylus tip to the spindle axis averagg line
is not of primary concern, care should be taken to ensure that the spindle orientation with respeft to
the MCS dogs not change during subsequent probing in-order to avoid the stylus tip offset becoming a
significant fomponent of probing error.

Prior to t¢st execution, stylus tip on-centre, adjustment shall be performed according to| the
manufacturler/supplier instructions. The adjustment procedure shall be repeated whenever the stylus
system conpection to the probe is altered{ This includes disassembling and re-assembling the Jame
stylus tip a§ different assembling torques can possibly change the stylus tip centre position.

Probing syqtem qualification shall be performed according to the manufacturer/supplier instructions
and shall bg repeated after stylus.tip‘on-centre adjustment.

Suppliers’ technical literature sometimes refers to probing system qualification with the expregsion
“probing system calibration;-this expression is not appropriate and should be avoided.

Tests in thip clause arespresented assuming that the probing system is aligned with the machine|tool
Z-axis of motion and\that the stylus tip centre is aligned with the spindle axis average line, assumgd to
be nominally parallel to the Z-axis of motion. For applications using tilting or indexing heads, fo1 any
new orientation, probing system qualification shall be performed again. For such applications, use of
ISO 10360-% istecommended.

The user is free, where applicable, to choose the location of the mounting of the reference sphere within
the specified measuring volume. However, it is recommended that the reference sphere is not being
placed at the location used for the probing system qualification.

The reference artefact should always be mounted and clamped to ensure sufficient setup rigidity when
submitted to the specific probing system switching force yet avoiding deformation of the artefact.
Machine tool probe switching force may vary from as little as 0,2 N for strain gauge switching probes
to a few newtons for conventional switching probes. Switching force for the Z-axis direction is typically
significantly higher than the X- and Y-axis direction switching force.
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7.1.2 Probing repeatability

7.1.2.1 General

A workpiece probing system is typically used for workpiece position and orientation measurements
aimed atlocating the WCS withrespectto the MCS, and for simple feature location and size measurements.
Probing repeatability tests are therefore specified for flat-surface location measurements, and cylinder

and sphere centre location measurements.

Probing repeatability for size measurements is addressed in 7.1.10.

7.1.2.2 Probing repeatability test for single-point surface measurement

7.1.2.2.1 General

[t shpll be noted that single-point surface measurement is an extremely simplified measur
The determination of the coordinates of a single point of a (flat) surface canbe’assumed to

ng method.
ndividually

represent the (flat) surface itself only when the orientation and position-of the surface with respect to

the elevant coordinate system are known.

7.1.2.2.2 Test setup and procedure

Sele¢t a test artefact (block) with at least three flat surfacesqiominally square to each other. For most
appljcations, a standard gauge block, with side surfaces’ flatness within 0,080 mm is adeqyate for this

test.
NOT The test artefact referred to in 7.1.7.2 can also be suitable for this test.

Aligh the test artefact to the MCS in order toorient the three planes square to the X-, Y-
respectively.

Acquire and record the X-axis coordinate;of a contact point approaching the test artefact su

and Z-axis,

rface in the

X-axiis direction. Repeat the acquisition‘and the recording of the X-axis coordinate values nipe times for

a totjal of ten measurements. Record,the direction of approach.

Rep¢at the procedure for the Y-axis and for the Z-axis.

7.1.2.2.3 Analysis ofresults
Comjpute Rqpr y as therange of recorded values for the X-axis coordinate.

Comjpute Rgppy'@sthe range of recorded values for the Y-axis coordinate.

Comppute Rgpr 7 as the range of recorded values for the Z-axis coordinate.

7.1.2.3.1 Test setup and procedure

Set up a reference ring with a bore diameter of approximately 30 mm and align it to the MCS in order

that the axis of the ring bore is parallel to the Z-axis of the machine.

Measure the centre coordinates of the reference ring bore by probing it with four points.
WCS datum point at the measured centre.

Repeat the measurement ten times, recording the bore centre X- and Y- axis coordinates.

© IS0 2022 - All rights reserved
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7.1.2.3.2 Analysis of results

Compute R g x as the range of recorded values for the X-axis coordinate of the centre.

Compute Rcp y as the range of recorded values for the Y-axis coordinate of the centre.

7.1.2.4 Probing repeatability test for sphere centre location

7.1.2.4.1

Test setup and procedure

Set up a reference sphere with a nominal diameter of approximately 30 mm.

Measure t

centre coordinates of the reference sphere by probing it with five points accordif

the manufacturer/supplier instructions. Establish a WCS datum point at the measured centre o

reference s

Repeat the

7.1.2.4.2
Compute Rq
Compute Rq

Compute Rq

7.1.3 Sty

7131 G

Prior to tes
manufactur

here.

neasurement ten times, recording the sphere centre X-, Y- and Z-axis coordinates.

Analysis of results
pr,x @S the range of recorded values for the X-axis coordinate ofthe sphere centre.
pry as the range of recorded values for the Y-axis coordinate of the sphere centre.

pu,z s the range of recorded values for the Z-axis coordinate of the sphere centre.
us tip offset test

pneral

L execution, the stylus tip shall be centted to the spindle axis average line according t
er/supplier instructions.

Some enhanced probing system allow for atomatic detection and compensation of stylus tip offs

such perfor
execution.

7132 T

Locate a re
reference ri
Z-axis of th

Centre the
displaceme

mance exists, the relevant manufacturer/supplier procedure shall be executed before]

pst setup and procedure

g to
f the

the

et. If
test

ference ring (or a@/'reference sphere) within the machine tool measuring volume. W
ng is being ysed, align it to the MCS in order that the axis of the ring bore is parallel t
e machine.

reference ring bore (or the sphere) to the spindle axis average line by using a li
ht sensor and establish a WCS datum point at the identified centre.

en a
the

near

Measure the centre coordinates of the reference ring bore (or the centre of the equator of the reference
sphere) by probing it with four points. Repeat the measurement ten times, recording the centre X- and
Y-axis coordinates.

7.1.3.3 Analysis of results

Calculate X, as the average of the ten measured X-axis coordinates and Y|, as the average of the ten
measured Y-axis coordinates.

18
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offset, A, of the stylus tip to the spindle axis average line, is given by Formula (2):

A= XE +Y¢

The calculated value for A shall be noted as a possible component to subsequent tests test uncertainty.

NOTE

7.1.4 Probing-tool location repeatability test

(2)

Stylus tip offset determined by this procedure includes the probing error, Pgyy op (see 7.1.5).

7.1.4.1 General

The pim of this test is to evaluate the repeatability of the relocation of the probing-toplwit
the MCS after a manual or an automatic tool change.

7.1.4.2 Testsetup and procedure

Set
that

a)

b)

)

d)

In s

appl
Itis
posi

A rd

p a reference ring with a bore diameter of approximately 30 mmsand align it to the M
the axis of the ring bore is parallel to the Z-axis of the machine.

Measure the centre coordinates of the reference ring bore by probing it with four
neasure the reference ring top surface by single-point prebing. Establish a WCS datum
measured centre of the reference ring and at the measured reference ring top surface.

Repeat the measurement, recording the bore centre X- and Y-axis coordinates and {
surface Z-axis coordinate.

Remove and relocate the probing-tool manugally or with an automatic tool changer (AT
the existence of ATC and the intended use:

Repeat the procedure nine times, starting from item b), in order to perform a {
measurements.

pme high-speed milling applications, the tool holder is not provided with driving dg
jcations, the relative angulatposition between the spindle and the probing-tool is not
therefore recommendedto‘complement item c) by subsequently incrementing the relat
fion by approximately~15°.

ference sphere/may be used instead of the reference ring, unless otherwise st3

manpufacturer/supplier. When using a reference sphere, the sphere shall be probed with five]

WCS

7.1.4

datum pointshall be established at the measured centre of the sphere.

.3 Amalysis of results

n respect to

CS in order

points and
point at the

he ring top

C) based on

otal of ten

gs. In such
controlled.
ive angular

ted by the
points. The

CompGte Rpr, x as the range of the recorded values of the X-axis coordinate of the bore cent

re.

Compute Rpyy, yas the range of the recorded values of the Y-axis coordinate of the bore centre.

Compute Rpry, 7 as the range of the recorded values of the Z-axis coordinates of the top surface.

If a reference sphere is used, Rpr x, Rpryy and Rpyy, 7 shall be computed as the range of the recorded
values of X, Y and Z coordinates of the sphere centre.
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7.1.5 2D probing error test

7.1.5.1 General

The aim of this test is to evaluate the 2D probing error of a particular probing system by measuring a
reference ring. This error is strongly influenced by the probing system pre-travel variation, which is
itself influenced by

a) probing system and machine tool repeatability,

b) probe switching force,

c) stylus dystem length, construction and material composition,
d) measurement feed speed,

e) approathing distance for measurement points,

f) probe qualification,

g) variatign of time delay between probing signal and read-out of machine t00} position transduckrs,

h) vibrat:Ens, and

i) thermal effects.

NOTE Spme enhanced probing systems can apply software compensation to minimize pre-travel variatfion.
Figure 4 shgws a representation of 2D probing error for a typical probing system.

Relevant pgrameters, such as probe switching force, stylus system component length and matgrial
composition (e.g. steel, ceramics, carbon fibre), measurement feed speed and approaching distancg for
measuring points shall be conforming to the manufacturer/supplier specification. If some parame¢ters
are not speg¢ified, the user shall select them accperding to the intended use.

The numbef of probing points shall be agreed-en between the manufacturer/supplier and the user, taking
into account the intended use and the capabilities of the probing system. It is nevertheless recommended
to acquire the coordinates of at least 36 points equally spaced along the ring circumference.

7.1.5.2 Test setup and procedure

A reference|ring with a noniinal bore diameter of approximately 30 mm shall be used. The form of the
reference ring shall be calibrated, since the form error increases the test uncertainty and shall be taken
into accounf for proving-conformance or non-conformance with the specifications.

Align the rgferencering to the MCS in order that the axis of the ring bore is parallel to the Z-axis of the
machine.

Measure thecentre coordinates of the reierence ring bore by probing it with four points. Establish a
WCS datum point at the measured centre of the reference ring.

Next, probe the reference ring in radial directions with the acquisition of the chosen number of points
equally spaced along the ring circumference, recording the X- and Y-axis coordinates of every single
point.

7.1.5.3 Analysis of results

The centre of the measured circle is computed using the manufacturer/supplier-recommended
algorithms (e.g. the least square best fit). The coordinates of this centre shall be subtracted from the
X- and Y- coordinates of each point. For each of the measured points, radial distance, r, to the centre is
calculated as the square root of the sum of the squares of these coordinate differences.
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Calculate the probing error, Pgyy 5p, as the range of the measured radial distances, 1y, - I'yin-

The probing error, Pgyy op, can be represented on a polar plot (see Figure 4).

Figure 4 — Example of polar plot of Pgyy ,p values fara36-point test

7.1.6 3D probing error test

7.1.6.1 General

This|test is similar to the test specified in 7.1.5, but its@im is to test the performance of a proping system
with 3D capabilities. The general information presented in 7.1.5.1 is also applicable, but tHe reference
artefact is a sphere calibrated for form.

Typikcal probing systems propose sphere mieasurement by a very limited number of probing points
(usuplly four or five points). Although intended use shall be taken into due account, it is|considered
that|the execution of the test described”in this clause can provide valuable information for a better
und¢rstanding of the probing system-performance.

The [number of probing points-shall be agreed on between the manufacturer/supplier apd the user,
takihg into account the intended use and the capabilities of the probing system. It is nevertheless
recommended to acquirethe coordinates of 25 points approximately evenly distributed over at least a
hemjsphere of the test Sphére.

7.1.6.2 Test setup’and procedure

A reference. sphere with a nominal diameter of approximately 30 mm shall be used. The [form of the
refefence.sphiere shall be calibrated, since the form error increases the test uncertainty 4nd shall be

blish a WCS

datum point at the measured centre of the reference sphere.

Probe the reference sphere in 3D radial vector directions with the acquisition of the chosen number
of points, which are approximately evenly distributed over at least a hemisphere of the test sphere.
Their position shall be at the discretion of the user and, if not specified, the following probing pattern
is recommended (see Figure 5)

a) one point on the pole (defined by the direction of the spindle axis) of the reference sphere;
b) four points (equally spaced around a circle) 22,5° below the pole;

c) eight points (equally spaced around a circle) 45° below the pole and rotated 22,5° relative to the
previous group;
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d) four points (equally spaced around a circle) 67,5° below the pole and rotated 22,5° relative to the
previous group;

e) eight points (equally spaced around a circle) 90° below the pole (i.e. on the equator) and rotated
22,5° relative to the previous group.

The number of probing points and the recommended target positions have been selected for
compatibility with ISO 10360-5:2020, 6.3. For some applications, this test may be performed by probing
48 points, approximately evenly distributed over at least a hemisphere of the test sphere.

225

o -

o

<

Key
1 pole

Figure 5 — Recommended target contact points for 3D probing error test Pgyy 3p

7.1.6.3 Apalysis of test results

Using all available measurements, the sphere centre is computed using the manufacturer/supplier-
recommended algorithms (e.g. the least square best fit). The coordinates of this centre shall be
subtracted from the X-, Y- and Z-axis coordinates of each point. For each point, radial distance, r, to the
centre is calculated as the square root of the sum of the squares of these coordinate differences.

Calculate the probing error Pgry 3p as the range of radial distances r . = -
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7.1.7 Workpiece position and orientation tests

7.1.7.1 General

In many applications, probing on a machine tool is used to reference a workpiece within the MCS and to
locate it with respect to the spindle axis average line. These tests are designed to evaluate this ability of
the probing system.

Best practice suggests that the proper identification of the WCS with respect to the MCS is performed in
the following sequence:

— [dentification of the WCS reference plane;
— |dentification of the WCS orientation in the reference plane;
— Hefinition of the WCS datum point.

If sgme steps of the suggested sequence are not performed (sometimes justified by projected time
savihg), assumptions are made that (if not corresponding to the real situatien) can result |n improper
WCY identification.

a) [dentification of the WCS reference plane

On amachining centre, the workpiece is connected to the machine tool table (or connected {o a support
whigh is connected to the machine table).

Thete would be no need to identify the WCS reference plane (assumed to be parallel to the [XY plane) if
it caph be assumed that

1) the machine tool table (or the workpiece support) is flat and parallel to the X- and Y-ax¢s of motion
(that define the machine tool XY coordinate'plane),

2) the bottom surface of the workpiece.is parallel to its reference plane, and

3) there are no disturbing elements{e:g. scratches, dirt, residual chips, etc.) influencing the connection
between the workpiece and the table (or support).

Whdn some of these conditidns ‘are not fulfilled, it can be advantageous to measure thq workpiece
refefence plane in order to identify it, as an alternative to physically adjusting the workpiege itself.

Typifcal probing systemrSiallow for measurement of a (nominally flat) workpiece referencg surface by
prohling three points:Other sophisticated probing systems can offer the option to define th¢ workpiece
reference surface’by’multiple probing on a (known) surface, comparing the measured surface points to
the mathematidalmodel for the surface and applying best-fit strategies.

dentification of the WCS orientation in the reference plane

by defining
1 the centre

Typikcalprobing systems allow for alignment of the WCS orientation in the reference plane
a line passing through Two measured points on a nominaily fiat Surface or passing throug
coordinates of two cylindrical or spherical workpiece features.

It shall be noted that, if the workpiece reference plane was not adjusted to be parallel to the machine
tool XY coordinate plane (or measured and compensated for), the measurement of a line would not
properly identify the WCS orientation in the reference plane.

c) Location of the WCS datum point.

Typical probing systems allow, at least, for the location of a datum point by combining the following
capabilities:

1) setting of individual axes datum points by probing a point on a plane;
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2) setting of the X- and Y-axis datum point on the corner between two planes or on the centre of a hole
or boss;

3) setting of the X-, Y- and Z-axis datum point on the centre coordinate of a sphere or on a corner
identified as the intersection of three planes.

d) Influence of probing system characteristics on workpiece coordinate system (WCS)
identification

The main probing system characteristics that influence the identification of the WCS are

1) probingsystem repeatability (see 7.1.2)

2) stylus tfip offset error with respect to the spindle axis average line (see 7.1.3),

3) probing-tool location repeatability (see 7.1.4),

4) probing error (see 7.1.5 and 7.1.6),
5) effective stylus tip diameter (see 7.1.10),

6) variatign of time delay between probing signal and read-out of machine‘tool position transdycers
(see 7.119),

7) probe dualification, and
8) thermal effects.

Table 1 pregents a simplified representation of the influence-6f main characteristics on some common
measurement tasks to possibly help define probing strategies.

Table 1|— Simplified representation of the influence of probing system characteristics on
measurement tasks
Stylus tip Probing-tool Probing Effective
Measurement task offset? location errorec stylus tip|di-
repeatability® ameterfl
Single point|surface detection strong X, Y strong strong X, Y strong

Angle of XY feference plane

Angle of a line by two points

Angle of a line passing through®wo centres

Location of 4 line by two points strongX, Y strong strong strong
Location of 4 corner oma‘plane strong X, Y strongX, Y strong strong
Location of § cornefas intersection of three strong X, Y strong strong strong
planes

Centre locatfionfor a hole or boss strong X, Y strong medium

Centre location of a sphere strong X, Y strong medium

a  SeeZl.3.

b See71.4.

¢ SeeZl.5andZ1.6.

d  See 7.1.10.

NOTE1 Probing repeatability, variation of time delay, probe qualification and thermal effects are not listed in
Table 1 because, in practical terms, they influence all measurement tasks.

NOTE 2  Blank cells denote a very weak or insignificant influence of the specific characteristic on the
measurement task.
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tool changes.

Analysis of Table 1 and good practice would suggest the following:

a)

b)

c)
d)

The

additional probing for the Z-axis datum point is necessary.

7.1.7.2 Test setup

Sele

with a side length of approximately 60 mm. The bore has a diafnéter of approximately 30 m]
B anld D should preferably be ground, and the geometrical characteristics of the test artefa
knoyn from previous measurement, e.g. on a CMM.

The

Posi
volu
MCS

SomgE probing systems only offer an alighment capability in the XY plane. In such cases, the

shal

alignment with respect to the MCS by approximately 1°. In this case, step a) 1) of the tes

give

Assumption is made that WCS identification procedure is performed without intermediate probing-

identification of the WCS reference plane by probing a minimum of three points on a workpiece

plane;

identification of the orientation of the WCS in the reference plane by probing a line by two points

(or more, if available) or by a line passing through the centre of two circles;

definition of the WCS X- and Y-axis datum point as the centre coordinates of a hole or boss;

Hefinition of the WCS Z-axis datum point as the average of repeated single axis measuré

variation).

WCS Z-axis datum point can also be defined by the WCS reference plane. If\this featurg

"t a test artefact similar to the one depicted in Figure 6. THe proposed artefact has 3

proposed test artefact may also be used for periedic reverification of probing system p¢

[ion the test artefact in a workpiece-represéntative position within the machine tool
me and mount it deliberately skewed by approximately 1° in three directions with re

be mounted with its top planelAjparallel to the machine tool XY plane and one of its

hin 7.1.7.3 shall not be exeeuted.

ments (thus

inimizing the effect of stylus tip alignment, probing-tool location repeatability’ and pre-travel

is used, no

cubic form
m. Planes A,
't should be

brformance.

measuring
spect to the

est artefact
sides out of
[ procedure

© IS0 2022 - All rights reserved

25


https://standardsiso.com/api/?name=640385fa97d09ec0ce81d5af1e5ad011

ISO 230-10:2022(E)

Key

A
B
C
D
L
1

7.1.7.3 Test procedure

AV Xw
\ CS
[~ —
Ymcs D
Xmcs

plane A

plane B

bore (

plane p

line

to 7 measyring points for WCS position and orientation.verification

Dimensions in millimetres

YWCS

Figure 6 — Sample WCS position and orientation test artefact

Workpiece features shall be identified by probing them with the number of points that corresponds to

the probing|system’s intended uSe and applying the following procedure.

a) Phase 1: WCS orientation and position identification.

26

1y
2)

3)
4)

Setlthe WCS\reference plane by probing the test artefact plane A (see Figure 6).

Set] the orientation of the WCS in the reference plane by probing line L on the test artefact
plapeB (see Figure 6).

NOTE 1 Best practice is typically for probing plane B as a plane, intersecting plane B with plane
A and using the intersecting straight line as the orientation of the WCS in the reference plane A.

Set the WCS X- and Y-axis datum point by probing the bore C (see Figure 6).

Using the WCS determined by 3), set again the WCS X- and Y-axis datum point by probing the
bore C.

NOTE 2 This repeated operation is carried out to minimize the effect of pre-travel variation and
to correct errors of the estimated centre position before the first test.

NOTE 3 Best practice is typically for probing the bore C as a cylinder, intersecting the axis of the
cylinder with plane A, and taking the point of intersection as the X- and Y-axis datum.
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5) Use plane A to set the WCS Z-axis datum point.
b) Phase 2: WCS position and orientation verification.

1) Acquire and record the Z-axis coordinates (Zp; ) of four points by probing plane A i

n the Z-axis

direction at the following coordinates: X-20,Y-20; X-20,Y20; X20,Y20; X20,Y-20 (points 1 to 4 in

Figure 6).

2) Acquire and record the Y-axis coordinates (Y} y) of two points by probing the t

plane B in the Y-axis direction at coordinates: X-20, Z-10; X20, Z-10 (points 5 and 6 i
3)

est artefact
n Figure 6).

Measure and record the X- and Y-axis coordinates (Xggp. Yggr)-0f the bore C centre gccording to

the probing system manufacturer/supplier instructions.

+)

Measure and record a corner X-, Y- and Z-axis coordinates (X;or, Ycor: Zcor) By proh
point on each of the three D, B and A planes respectively (points 7, 6 and 4in-Figure

7.1.7.4 Analysis of results

Calcplate the WCS reference plane identification error, Ep| 7, as the rapgeof the recorded 4

NOTE

Epya zincludes reference plane flatness error.

Calc

ilate the orientation of the WCS in the reference plane identification error, E| |y, as th
betvy

yeen the recorded Y|y coordinate values.

Calc

XcoR
e.g.

1ilate the corner location errors, Eqor x» Ecory and Eggr 7, as the difference between tl
Ycors and Zqog corner coordinates and the corner¢@ordinates known from previous mg
LMM measurement.

7.1.7.5 Alternative workpiece position and'orientation test

7.1.7.5.1 Test setup and procedure

The
aca
datu

EcoR
X- a

workpiece position and orientation test may also be performed using a standard gaugg
ibrated length of approximrately 50 mm (see Figure 7). This alternative test determin
m point on a corner of the gauge block. Therefore, it does not evaluate the corner loca
% Ecory and Ecop 7. Eurthermore, there may be a difference in the error of identifica
nd Y-axis datum peint'on the corner compared to the one corresponding to the WC
the ¢entre of the bore in'the previous test (see 7.1.7.2). This is due to the contribution of t
stylus tip diameter erfor to the error of identification of the WCS datum point on the corr
sucH error contribution is minimized in the case of the WCS datum on the centre of the bor
sele¢tion of epposing probing points around the bore. Nevertheless, the effective stylus t
errof is derived from the measurement of the gauge block calibrated length and taken int
determining the error of identification of the WCS datum point (see 7.1.7.5.2).

ing a single
 6).

pLa Values.

e difference

ne recorded
asurement,

» block with
es the WCS
tion errors,
tion of WCS
S datum on
he effective
er whereas
e due to the
ip diameter

account in

in th

volume and m
MCS.

ount it deliberately skewed by approximately 1° ree directions with

res

measuring
pect to the

Some probing systems only offer an alignment capability in the XY plane. In such cases, the gauge block
shall be mounted with its top surface parallel to the machine tool XY plane and one of its sides out of
alignment with respect to the MCS by approximately 1°. In this case, step a) 1) of the following test
procedure shall not be executed.

Workpiece features shall be identified by probing them with the number of points that corresponds to
the probing system’s intended use and applying the following procedure.

a) Phase 1: WCS orientation and position identification.

1) Setthe WCS reference plane by probing the gauge block plane A (see Figure 7).
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2) Set the orientation of the WCS in the reference plane by probing line L on the gauge block
plane B, which is one of its lapped planes (see Figure 7).

NOTE 1 Best practice would suggest probing plane B as a plane, intersecting plane B with plane
A and using the intersecting straight line as the orientation of the WCS in the reference plane A.

3) Setthe WCS X-, Y- and Z-axis datum point at the front right top corner (see Figure 7), by probing
a single point on each of the three D, B and A planes, respectively.

4) Using the WCS determined by 3), set again the WCS X-, Y-, and Z-axis datum point by probing a
single point on each of the three D, B, and A planes, respectively.

NOTE 2 This repeated operation is carried out to minimize the effect of pre-travel variatio and
to dorrect errors of the estimated corner position before the first test.

NOTE 3 Best practice is typically for probing plane B and plane D by n points, intersecting planes
A, B and D and using the intersection point as the WCS X-, Y- and Z-axis datum point.

b) Phase 2: WCS position and orientation verification.

1) Acquire and record the Z-axis coordinates, Zp, ,, of four points by probihg plane A in the Ziaxis
dirpction at the following coordinates: X-5, Y5; X-30, Y5; X-30, Y45; X-5, Y45 (points 1 to|4 in
Figure 7).

2) Acquire and record the Y-axis coordinates, Y}y, of two points'by probing the gauge block glane
B ip the Y-axis direction at coordinates: X-30, Z-4; X-5, Z-4(points 5 and 6 in Figure 7).

3) Mepsure and record the front right top corner X-, Y- and'Z-axis coordinates, (Xcor, Ycor Zor)
by probing a single point on each of the three A, Band D planes respectively (points 7, 6 and 1

b

in Figure 7).
4) Mepsure the gauge block calibrated size, Sy, using the probing system built-in cycle.

Dimensions in millimetres

Ywes
Zycs
Xmcs Xwes
Key
A plane A
B plane B (measuring face)
D plane D
L line L

1 to 7 measuring points for WCS position and orientation verification

Figure 7 — Alternative WCS position and orientation test using a gauge block with nominal
length of 50
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7.1.7.5.2 Analysis of results

Calculate the WCS reference plane identification error, Ep| 5 7, as the range of the recorded Zp , values.

NOTE Epy a zincludes reference plane flatness error.

Calculate the orientation of WCS in the reference plane identification error, Eyyy, as the difference
between the recorded Y; |y coordinate values.

Calculate the effective stylus tip diameter error, Eggry, as the differences between the recorded Sy value
and the gauge block calibrated length.

Half{of the Eggpy value can be estimated to be the additional contribution to the error of identification of

the

CS datum point of the X- and Y-axes.

The [corner location errors, Ecop x, Ecory and E¢og 7, are reported as the recorded Xegg, Yc

cor

er coordinates.

7.1.8 Combined workpiece machining and location test

7.1.8.1 General

The
appl
elem
A pr

upp¢
X-a
mea

It sh

aim of these tests is to reveal the misalignment between eutting tool and probing-tog
jcations, workpiece position and orientation are medsuwred to identify previously
ents on the workpiece, in order to refer subsequent machining operations to them.

hctical test to compare actual machining to actualgneasurement requires machining a
br face on a test part and their measurement with the probing system. The measured
hd Y-axis coordinates should correspond tolthe programmed bore centre coordina
sured upper face Z-axis coordinate should ¢orrespond to the programmed Z-axis coord

h1l be considered that such a test is additionally influenced by
machined surface finish,

milling tool length setting,

probing-tool length setting;

achine thermal effeets (e.g. spindle thermal elongation), and

the differencedetween the probing-tool length and the length of the boring tool due t
errors of thelmachine tool (e.g. squareness error between the Z-axis and the XY plane).

7.1.8.2 Test’setup and procedure

a)

Phase 1: machining.

R and Zeog

l. For some
y machined

bore and an
bore centre
tes and the
inate.

b geometric

1) Rigidly mount a test part of at least 25 mm in thickness to the machine table in preparation for

machining. The part material shall be agreed on between manufacturer/supplier
shall represent intended use.

2) Abore of approximately 30 mm in diameter shall be machined with a surface finish
the probing system repeatability specification. It is recommended that the length o

and user or

better than
fthe boring

tool is as close as practical to the probing-tool length to minimise the effect of machine tool
geometric errors. A pre-drilling of a hole 1,25 mm undersized, followed by a pre-boring 0,2 mm

undersized is recommended.
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3) Face the part with an appropriate facing tool, either over its complete surface or at a spot, with
a surface finish better than the probing system repeatability specification.

b) Phase 2: testing.

1) Mount the pre-qualified probing-tool on the spindle.
2) Measure the bore centre using the manufacturer/supplier-recommended measuring cycle and
record the X- and Y-axis bore centre coordinates, Xgog and Ygqp.
3) Measure the faced surface using the measuring cycle recommended by the manufacturer/
supplier and record the faced surface Z-axis coordinate, Zn; 4
4) Perfform the standard probing-tool change procedure and repeat this testing procedur€nine
times starting from item b) 2) to acquire a total of ten sets of Xgog, Ygor and Zp; g)imeaspred
coqrdinates.
In some high-speed milling applications, the tool holder is not provided with driving dogs. In puch
applicationg, the relative angular position between the spindle and the probing-to6l is not controll¢d. It

is therefore
tool angula

7183 A

Calculate tk
recorded Xj

Calculate th
Xgor coordi

Calculate t}
recorded Yy

Calculate tH
Ygor coordi

Calculate tk
recorded Zy

Calculate th
Zpy 5 coordi

7.1.9 Tinmpe delay variation tests

719.1 G

Probing sy}

hates.

nates.

" position by approximately 15°.

halysis of results

e combined X-axis machining and location error, E¢yqy, by subtracting the average o
or coordinates from the programmed bore coordinate;

e combined X-axis machining and location repeatability, R¢y,, x, as the range of the reco

e combined Y-axis machining and location error, E¢y y, by subtracting the average o
or coordinates from the programmedbore coordinate.

e combined Y-axis machining and-lgeation repeatability, Rcyy, y, as the range of the reco

e combined Z-axis machininig and location error, E¢)y, 7, by subtracting the average o
A coordinates from thepregrammed coordinate.

e combined Z-axis machining and location repeatability, Ry, 7, as the range of the reco
hates.

pneral

tets for machine tools are expected to be sensitive to stylus deflection resulting

recommended to complement this item by subsequently incrementing the relative probing-

f the

rded

f the

rded

f the

rded

‘rom

a surface contact and, at the same time, insensitive to stylus deflection resulting from machine tool
vibration. These conflicting functional specifications are dealt with in different ways depending on
probe-specific switching technology (electrical circuit breakage, strain gauge, etc.) and depending
on specific probing system designs. Decreasing the sensitivity to vibration is sometimes achieved by
applying “damping” strategies to probe signal conditioning electronics and/or logical processing of
the probe signal by the machine tool CNC. CNC architectures employing very fast hardware registers
to store the machine tool position transducer read-out generally show smaller time delay variation
compared to CNC architectures acquiring such data within the programmable logic controller (PLC)
control loop cycle.

For a constant probing feed speed of 480 mm/min, for example, the stylus tip moves 0,008 mm/ms, so
a 5 ms delay would correspond to 0,040 mm. The time delay is accounted for in the determination of
probing system effective stylus tip diameter during qualification, but its variation is not accounted for.
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Although the main concern is time delay variation, attention is drawn to the fact that even constant
time delays can cause probing errors if probing feed speed during measurement is different from the
feed speed applied during probe qualification.

In principle, as the position of the workpiece feature that shall be measured is unknown, the actual
approaching distance during probing is also unknown. Time delays can vary as a function of the
approaching distance because the actual stylus tip position is under CNC control, but time delay can be
an unknown variable.

Different interactions between the CNC, PLC and probing system can lead to different time delays that,

in turn, might significantly reduce the probing system overall performance.

As the position of the workpiece feature being measured is unknown, the approaching dir'elc
for dircle and sphere measurement is not exactly normal to the surface being measured(det
timg delay variation test results also include possible residual errors resulting from-the effe
tip diameter compensation strategy applied by the probing system software.

The fests described in this clause are needed only for general performance characterization g
proljing systems and do not necessarily need to be repeated during probing system p
reverification tests unless the measurement feed speed is changed.

tion applied
ected), thus
ctive stylus

fparticular
erformance

7.1.9.2 Time delay variation test for individual axes

7.1.9.2.1 Test setup and procedure

a) Position the gauge block depicted in Figure 7 and-align it to the MCS in order to orient the three
planes square to the X-, Y- and Z-axes, respectively:

b) Pet the WCS X-, Y- and Z-axis datum pointgat the front right-hand top corner (see Figure 7) by
probing a single point on each of the three-D; B and A planes, respectively.

c) Pequentially position the machine ‘axes to X5.000, Y5.000 and Z-4.000 (in front off point 7 in
Figure 7).

d) Acquire and record the Xgpyp Coordinate value by probing a single point in the X-negatiye direction.

e) Position the machine axis,.incrementing the previous X-axis position by 0,010 mm (e.g| at the first
Fepetition, the X-axis,shall be positioned at X5.010).

f) Repeat the procedure starting from item d) in order to acquire and record a total of ten X¢pr1p
Coordinate values:

g) Pequentially~position the machine axes to Y-5.000, Z-4.000 and X-5.000 (in front of point 6 in
Figure 7)\

h) Acquife and record the Yspp1p coordinate value by probing a single point in the Y-positiye direction.

i) ; 8. at the first
repetition, the Y-axis shall be positioned at Y-5.010).

j) Repeat the procedure, starting from item h) in order to acquire and record a total of ten Ysprrp
coordinate values.

k) Sequentially position the machine axes to 7Z5.000, X-5.000 and Y5.000 (in front of point 1 in
Figure 7).

1) Acquire and record the Zgpyp coordinate value by probing a single point in the Z-negative direction.

m) Position the machine axis, incrementing the previous Z-axis position by 0,010 mm (e.g. at the first

repetition, the Z-axis shall be positioned at Z5.010).
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n) Repeat the procedure, starting from item 1) in order to acquire and record a total of ten ZsprTD
coordinate values.

7.1.9.2.2 Analysis of results

Calculate the single axis time delay variation error, Esprrp x, as the range of the measured Xgpp1p values.

NOTE 1

Rgpr x repeatability for single-point surface measurement tested in

7.1.2.2 isincluded in E

SPT,TD,X

Calculate the single axis time delay variation error, Egpyrpy, as the range of the measured Ygprpp values.

NOTE 2  Rppryrepeatability for single-pointsurface measurementtestedin A2 2 isineladedinEproy
Calculate the single axis time delay variation error Egprrp 7 as the range of the measured Zgpgppvajues.
NOTE 3  Rfprzrepeatability for single-point surface measurement tested in 7.1.2.2 is included it Egprrp 7-
7.1.9.3 Tjme delay variation test for XY plane circle measurement

7.1.9.3.1 [General

This test defermines the ability of the probing system to measure the corréct diameter and position of a

circle when|the measurement tool path is not exactly aligned with theccircle. This test applies to typical

probing systems that can measure a full circular artefact in the XY plarte.

In advanced systems that are able to calculate circle features from 36 points, such as diameter, ceptre,

and form efror, Fy, it is recommended that this test be perfermed using 36 points as defined in the

2D probing|error test, Ppry op (see 7.1.5). This test is particularly useful for indicating the system 2D
performande where the feature location is unknown (e.g-when locating a part).

7.1.9.3.2 [Test setup and procedure

A reference|ring with a nominal bore diameter:of approximately 30 mm shall be used. The form of the

reference ring shall be calibrated, since the form error increases the test uncertainty and shall be taken

into account for proving conformance ortnon-conformance with the specifications.

a) Align the reference ring to the MCS in order that the axis of the ring bore is parallel to the Z-axis of
the maghine.

b) Measurje the centre coordinates of the reference ring bore by probing it with four points. Establish
a WCS datum point atthe’'measured centre.

¢) Measure and record the centre coordinates, Xogp and Yepp, Of the reference ring and its
diameter, D, and {for tests using 36 probing points) its form error, Fy.

d) Repeatfitem.c) nine times, adjusting the nominal position of the reference ring according to Tahle 2.
The ring itself is not moved, but the new probing path for the bore measurement is genenated
assuming that the ring is located at the new offset position.

7.1.9.3.3 Analysis of results

All calculations shall include the reference measurement results.

Calculate the X-axis time delay variation error E¢ tp x for circle centre location as the range of the
measured X rp values.

NOTE 1

32

R¢g x repeatability for circle centre location tested in

7.1.2.3 isincluded in E

CIR,TD,X*
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Calculate the Y-axis time delay variation error E¢ rpy for circle centre location as the range of the
measured Y g tp values.

NOTE2  R(pyrepeatability for circle centre location tested in 7.1.2.3 is included in E¢jg 1py-

Calculate the time delay variation error, Ecjgrpp, for diameter measurement as the range of the
measured D values.

NOTE3  R(jg prepeatability for the circle diameter measurement tested in 7.1.10.3 is included in E¢g 1p p-

For tests using 36 probing points, calculate the time delay variation error, E¢g 1p  for circle form error
measurement as the range of the measured form error, Fp. and also report E¢ip 5 ¢ yavas the maximum
valup of the measured form error Fy.

NOTE4  The Pgry ,p 2D probing error tested in 7.1.5.3 is included in E¢ g tp g max-

Tgble 2 — X- and Y-axis offsets for time delay variation test for XY plane-circle meagurement

Nominal centre coordinates with respect to the coordinates,of the referenge position
Mepsurement
number mm
X Y Z

1 0,000 0,300 0,000

2 0,193 0,230 0,000

3 0,295 0,052 0,000

4 0,260 -0,150 0,000

5 0,103 -0,282 0,000

6 -0,103 -0,282 0,000

7 -0,260 -0,150 0,000

8 -0,295 0,052 0,000

9 -0,193 0,230 0,000
NOTE Nominal centre positions in this table represent a spacing pattern, on the XY plane, of a circle of 0{3 mm radius
with|40° increments.

7.1.9.4 Time delay variation test for sphere measurement

7.1.9.4.1 General

This|test determines the ability of the probing system to calculate the correct diameter and position of
a sphere when the measurement tool path is not exactly aligned with the feature. This tedt applies to
typital probing systems that can measure a sphere.

In advanced systems that are able to calculate sphere features from 25 points such as centie, diameter
and [fotim error, Fg, it is recommended that this test be performed using 25 points as defined in the
3D probing error test, Ppry 3p (See 7.1.6). This test is particularly useful for indicating the system 3D
performance where the feature location is unknown (e.g. when locating a part).

7.1.9.4.2 Test setup and procedure

A reference sphere with a nominal diameter of approximately 30 mm shall be used. The form of the
reference sphere shall be calibrated, since the form error increases the test uncertainty and shall be
taken into account for proving conformance or non-conformance with the specifications.

a) Position the reference sphere in a workpiece representative position within the machine tool
measuring volume.

b) Measure the centre coordinates of the reference sphere by probing it with five points. Establish a
WCS datum point at the measured centre of the reference sphere.
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¢) Measure and record the centre coordinates, Xspy1p, Yspyrp and Zspyrp, of the sphere and its
diameter, D, and (for tests using 25 probing points) its form error, Fs.

d) Repeat item c) nine times, adjusting the nominal position of the feature according to Table 3. The
sphere itself shall not be moved, but the new probing path for the feature measurement is generated
assuming that the sphere is located at the new offset position.

7.1.9.4.3 Analysis of results

All calculations shall include the reference measurement results.

Calculate tH
measured X

NOTE1 R

Calculate th

spuTp Values.
Lpy x Fepeatability for sphere centre location tested in 7.1.2.4 is included in Epy 1p x-

e Y-axis time delay variation error, Eqpy 1py, for sphere centre location as-the range o

€ A-ax1s time delay variation error, Eqpy tp x, [0 Sphere centre location as the range.of the

f the

measured Yspy pp values.
NOTE2  Rfpyyrepeatability for sphere centre location tested in 7.1.2.4 is included jn Egpy 1p y-
Calculate the Z-axis time delay variation error, Egpy 1p 7, for sphere centre-location as the range of the
measured 4spy p values.
NOTE3  Rgpy zrepeatability for sphere centre location tested in 7.1.2.4 isdincluded in Egpy 1p 7-
Calculate the time delay variation error, Egpy 1p p, for sphere diaieter measurement as the range of the
measured [} values.
NOTE4  Rfpy prepeatability for sphere diameter measurement tested in 7.1.10.4 is included in Egpy 1p p-
For tests uging 25 probing points, calculate the time delay variation error, Eqpy rp p for sphere form
error meashirement as the range of the measured-form error Fg and also report Egpytp pmax a§ the
maximum value of the measured form error Fq!
NOTES5  The Pgry 3p 3D probing error tested in72.1.6.3 is included in Egpy tp g max-
Table B — X-, Y- and Z-axis offsets for time delay variation test for sphere measurement
Nominal centre.coordinates with respect to the coordinates of the reference positipn
Measurement
number mm
X Y 7

1 0,000 0,300 -0,150

2 0,260 -0,150 -0,150

3 -0,260 -0,150 -0,150

4 0,193 0,230 0,000

5 0,103 -0,282 0,000

6 -0,295 0,052 0,000

7 0,295 0,052 0,150

8 0,103 -0,282 0,150

9 -0,193 0,230 0,150
NOTE Nominal centre positions in this table represent a 0,3 mm radius circular pattern consisting of three points per
plane in three XY planes.
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7.1.10 Feature size measurement performance tests

7.1.10.1 General

Typical probing systems offer simplified measurement of distance between two (flat and parallel)
surfaces (e.g. webs, slots and steps), circle diameter (e.g. bore and bosses) and sphere diameter. The
results of these measurements are compared to the calibrated size of reference artefacts deliberately
selected to have dimensions smaller than 60 mm in order to test the probing system performances in
a small, limited machine tool volume. This comparison provides limited size measurement traceability
that should not be extrapolated to assume traceability for size measurement of workpiece features
with different sizes

Meapurements for distance between two flat and parallel surfaces and measuremeit| for circle and
sphgre diameters are strongly influenced by the effective stylus tip diameter detefimihed| by probing
system qualification.

Meapurements performed at different locations within the machine tool measuring volume ¢an produce
diffdrent results, e.g. due to geometric errors of the machine tool.

7.1.10.2 Web size measurement performance test

7.1.10.2.1 General

Meapuring the size of a web or pocket by probing two points on opposed surfaces is an extremely
simplified operation that (strictly) only determines the distance between the two probed pgints.

7.1.10.2.2 Test setup and procedure

a) Locate a reference gauge block with a size of approximately 50 mm, within the machine tool
measuring volume, and align its reference faces to the MCS YZ plane.

b) Measure and record the gauge blocklength, Sy, ten times using the probing system builf-in cycle.
c) lign the gauge block reference faces to the MCS ZX plane.

d) Measure and record the gauge block length, Sy, ten times using the probing system builf-in cycle.

7.1.10.2.3 Analysis ofresults

Calcplate the errorforweb size measurement along the X-axis, Eygp x, by subtracting the average of the
recorded Sy valuesfrom the gauge-block calibrated length.

Calcplate thewrepeatability for web size measurement along the X-axis, Rygpx, as the range of the
recofded Sy-values.

Calcplate the error for web size measurement along the Y-axis, Ey gy, by subtracting the average of the
recorded Sy values from the gauge-block calibrated length.

Calculate the repeatability for web size measurement along the Y-axis, Rygpy, as the range of the
recorded Sy values.

7.1.10.3 Circle diameter measurement performance test

7.1.10.3.1 General
Typical probing systems offer the capability to measure a circle by three or four points. Measurement of

a circle by three points is a non-preferred method because the (possible) presence of contamination on
the probed surface strongly influences the centre location and diameter measurements.
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The number of points selected for the execution of this test shall be in accordance with the manufacturer/
supplier instructions but intended use shall be considered.

7.1.10.3.2 Test setup and procedure

A reference ring with a nominal diameter of approximately 30 mm shall be used. The form of the
reference ring shall be calibrated since the form error increases the test uncertainty and shall be taken
into account for proving conformance or non-conformance with the specifications.

a) Align the reference ring to the MCS in order that the axis of the ring bore is parallel to the Z-axis of
the machine.

b) Measurje the centre coordinates of the reference ring bore once. Establish a WCS datum point alt the
measuied centre of the reference ring.

c) Measuile and record the ring diameter, D, ten times, probing it with the selected number of points.

7.1.10.3.3 |Analysis of results

Calculate tHe error for circle diameter measurement, E g p, by subtracting thezaverage of the recofded
D values frgm the reference ring calibrated diameter.

Calculate the repeatability for circle diameter measurement, R p¢a$ the range of the recordgd D
values.

7.1.10.4 Sphere diameter measurement performance test

7.1.10.4.1 |General

Typical probing systems offer the capability to measure a sphere by four or five points. Measurement of
a sphere by|four points is a non-preferred method because the (possible) presence of contaminatign on
the probed purface strongly influences the centré location and diameter measurements.

The numbefr of points that shall be selected for the execution of this test shall be in accordance with the
manufacturer/supplier instructions but.intended use shall be considered.

7.1.10.4.2 [Test setup and procedure

A reference sphere with a nominal diameter of approximately 30 mm shall be used. The form of the
reference sphere shall beccalibrated, since the form error increases the test uncertainty and shalll be
taken into gccount for pteving conformance or non-conformance with the specifications.

a) Position the reference sphere in a workpiece representative position within the machine|tool
measuijing volume.

b) Measurethe centre coordinates of the reference sphere once. Establish a WCS datum point af the
measured centre of the reference sphere.

c) Measure and record the sphere diameter, D, ten times, probing it with the selected number of
points.

7.1.10.4.3 Analysis of results

Calculate the error for sphere diameter measurement, Egpy, 1, by subtracting the average of the recorded
D values from the reference sphere calibrated diameter.

Calculate the repeatability for sphere diameter measurement, Rgpy p, as the range of the recorded D
values.
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7.2 Scanning probes

7.2.1 General

This clause provides test procedures to evaluate the scanning performance of contacting probing
systems, integrated with a numerically controlled machine tool, and used in a pre-defined path
scanning mode (see 3.4.8).

These tests are supplementary to the discrete point tests that are specified in 7.1. Contacting probing
systems that do not support discrete point measurement are not covered by this clause.

The [test procedures are not intended to distinguish between the various causes of errof
intended to demonstrate the combined influence of the environment, machine tool, probing

proH
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The
for t
(3.4,
(3.4.

ing software on the measuring performance.

e sources of measurement error in continuous scanning systems on maching tools a
those on a CMM. The main differences are as follows.

A machine tool typically does not control probe deflection while scanhing. This med
positional uncertainty of the workpiece is more likely to affect testujicertainty on a mg

Machine tools are optimized for cutting, not measurement. Machine position reporting ej
ualification and subsequent measurements typically createdifferences between the m
hccuracy of inside and outside features, for example bores and bosses.

following tests should be performed using the feed:speed and the measurement ran
he probing system or agreed between manufacturer/supplier and user. In particular, r
1) is established correctly, maximum scanning. deflection (3.4.2), minimum scannin
1) and probe over-travel limit (3.4.3) are respected for all indicated tip centre points

in thle tests.

The
perf]
com
unce
perf

Itis
char

7.2.2

The
bety

7.2.

3
X

3D scanning performance test is performed on an external surface, whereas the 2
brmance test is performed on anCinternal surface. The two tests have been desi
blementary to each other as scanning systems on machine tools can have significant
rtainties when scanning internal and external surfaces. It is recommended that bg
brmed.

ge indexer moved by.at least one index position after qualification.

. Filtering parameters

feen manufacturer/supplier and user. They should be stated in the test report.

Scanning 2D performance test

s. They are
system and

re different

ns that the
chine tool.

rorsduring
pasurement

e specified
est position
b deflection
[3.4.6) used

D scanning
ned to be
ly different
th tests be

Fecommended that the probing-tool change procedure is performed and, where applicable, the tool

filtering algorithms and parameters used during these tests affect the results and should be agreed

7.2.3.1 General

This test determines the ability of the probing system to calculate the diameter, position, and form of a
reference ring when the measurement tool path is not exactly aligned with the feature. This test applies
to probing systems that can measure a reference ring and simulates the deviation of workpiece position
during in-process measurement.

The probe is operated over its full 2D measurement range in this test.
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7.2.3.2 Testsetup and procedure

A reference ring with a nominal bore diameter of approximately 30 mm shall be used. The form of the
reference ring shall be calibrated, since the form error increases the test uncertainty and shall be taken
into account for proving conformance or non-conformance with the specifications.

a) Setup the reference ring and align it to the MCS in order that the axis of the ring bore is parallel to
the Z-axis of the machine tool.

b) The user is free to choose the location of the mounting of the reference ring within the specified
measuring volume. However, it is recommended that the reference ring is not placed at the location

used fo
from th

c) The sty
astole

d) Ensure
instruc

e) Measur
points.

f) Measur
the feat
clockw
clockw

used, this shall be stated in the test report. The directiofi\and feed speed of the approach mov
ret scan lines should be in accordance with the'manufacturer/supplier recommendations.

the targ

g) Foreac
and red

h) Record
scan s
sequen

NOTE1 T
or the end pg
backoff posif
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LIICT }Jl UUllls DyDLClll quauubauuu do 1ITIITAOSUTI TITITIILS AdI'T Ly lJlLClll_y LANRNTIT Al IULCALIVUILIS UIll

e location for probing system qualification.

lus tip and the reference ring should be cleaned before the probing system qualificatic
hve no residual contamination which could affect the measuring or test result.

that the probing system has been qualified according to the manufdcturer/sup
tions.

e the centre coordinates of the reference ring by probing it with’/four or more disc
Establish a WCS datum point at the measured centre of the reference ring.

e the reference ring nine times in continuous scanning mode) setting the nominal positi
ure according to Table 5. If possible, the reference ring shiould be scanned using alternd
se and counter-clockwise circle motion, e.g. the first scan is clockwise, the second is cou
se, the third is clockwise, etc. If only a single direction (clockwise or counter clockwis

h measurement, use the scanning system’s-built in results analysis for circle measurem
ord the centre coordinates Xg¢ ,p Ysc opiits diameter Dgc ,p and its form error Fg 5p,.

the time for the test Tg¢ ,p as thetime taken to perform the test from the start of the
quence of the first measurement (at the intermediate point) to the end of the last
Ce of the last measurement (at the intermediate point).

he “Intermediate point” isithe-start position of the move that causes the stylus to contact the suy

sition of the move thateauses the stylus to leave the surface and is sometimes called the stand
ion.

Table 4 =X, Y-, and Z-axis offsets for scanning 2D performance test

rent

n so

plier

rete

bn of
iting
hter-
e) is
ES to

ents,

first
scan

face,
bff or

Nominal centre position with respect to the reference position
Measurement number mm
X Y Z
1 0,000 0,000 0
2 Ryy x 0,000 Ryy x 1,000 0
3 Ryy x 0,707 Ryy x 0,707 0
4 Ryy x 1,000 Ryy x 0,000 0
5 Ryy x 0,707 Ryy x (-0,707) 0
6 Ryy x 0,000 Ryy x (-1,000) 0
7 Ryy % (-0,707) Ryy % (-0,707) 0
8 Ryy x (-1,000) Ryy x 0,000 0
9 Ryy % (-0,707) Ryy x 0,707 0
NOTE  Ryyisthe XY-plane scanning measurement range as specified by the manufacturer/supplier.
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NOTE 2  The reference ring itself is not moved; the probing-path for the measurement is generated assuming
that the feature is located at the specified nominal position.

7.2.3.3 Analysis of results

a) Calculate the scanning 2D positional reproducibility error Egc ,p) pos as the maximum distance of
any of the reference ring centre locations recorded in measurements 2 to 9 from the centre location
recorded in measurement 1.

b) Calculate the scanning 2D diameter error Eg¢ ,p pja as the maximum deviation of any of the nine
measurements from the calibrated reference ring diameter.

c) [alculate the scanning 2D form error Egc 5 rorm @S the maximum of the form errop-Fgd,p in any of
the nine measurements.

NOTE The reference ring form error is included in the scanning 2D form error, Egep porm.

d) Record the scanning time T ,p value.
7.2.4 Scanning 3D performance test

7.2.4.1 General

This|test determines the ability of the probing system to measure a test sphere when the mpasurement
tool{path is not exactly aligned with the test sphere. Thistest applies to probing systeins that can
meapure a sphere in continuous scanning mode and simiulates the deviation of workpigce position
duripg in-process measurement.

The [probe is operated over its full 3D measurenent range in this test. This test does not|include the
effe¢ts of temperature variation on positional\uncertainty. The user of a contact scanning system is
advised to consider the effect of temperaturéwvariations on the measurement range requirements.

This[test is designed to be run on three-axis machine tools, including machines that can only|interpolate
in XY, YZ and ZX planes. The test is specified assuming that the Z-axis of the probe is aligned with the
Z-axjis of the machine tool.

The [time for the test is regorded to give an indication of system speed, and because itf may affect
accufracy.

7.2.4.2 Testsetup-and procedure

A reference sphere with a nominal diameter of approximately 30 mm shall be used. The [form of the
reference sphiere shall be calibrated, since the form error increases the test uncertainty and shall be
taken into aceount for proving conformance or non-conformance with the specifications.

a) Position the reference sphere, in a workpiece representative position within the machine tool

o 1
micasul llls vUIUIIIC,

b) The user is free to choose the location of the mounting of the reference sphere within the specified
measuring volume. However, it is recommended that the reference sphere is not placed at the
location used for the probing system qualification as measurements are typically taken at locations
different from the location for probing system qualification.

c) The stylus tip and the reference sphere(s) should be cleaned before the probing system qualification
so as to leave no residual contamination that could affect the measuring or test result.

d) Ensure that the probing system has been qualified according to the manufacturer/supplier
instructions.

e) Measure the centre coordinates of the reference sphere by probing it with five or more discrete
points. Establish a WCS datum point at the measured centre of the reference sphere.
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f) Sphere measurement sequence see Figure 8.

— The WCS is aligned with the X, Y and Z-axes of the machine tool, and its origin is at the centre of
the sphere. The pole of the sphereisatX=0,Y = 0, Z = Rq (radius of sphere).

— Scanning paths are defined based on WCS defined in a), the arrows on the diagram indicate the
directions of travel along the target scan lines.

The direction and feed speed of the approach moves to the target scan lines should be in accordance
with the manufacturer/supplier recommendations.

Key
A target|scan line A (CCW) is on the-equator in the XY plane
B target|scan line B (CW) is parallel to the XY plane, 8 mm above the equator (diameter of sphere is 30 min)
C,D target|scan lines C (CCW) andD (CW) are in the ZX and YZ planes respectively, and go through the pole
E,F target|scan lines E (CCW)-and F (CW) are parallel to the ZX plane, at Y = + 8 mm and Y = - 8 mm, respectively
G,H target|scan lines G (€W) and H (CCW) are parallel to the YZ plane, at X = - 8 mm and X = + 8 mm respectively

Figure 8 4 Target scan lines and required direction of travel for the scanning 3D performapce
test

The sphere should be scanned ten times setting the nominal position of the sphere according to the
values in Table 4 and generating (different) scanning paths accordingly for each setting.

g) Record the time for the test T 3p as the time taken to perform the test from the start of the first
scan sequence of the first measurement (at the intermediate point) to the end of the last scan
sequence of the last measurement (at the intermediate point).

NOTE1 The “Intermediate point” is the start position of the move that causes the stylus to contact the surface,
or the end position of the move that causes the stylus to leave the surface and is sometimes called the standoff or
backoff position.

NOTE 2  Thereference sphereitselfis not moved during this test; the scanning path for the sphere measurement
is generated assuming that the reference sphere is located at the specified nominal positions.
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Table 5 — X-, Y-, and Z-axis offsets for the scanning 3D performance test

0:2022(E)

Nominal centre position with respect to the reference position
Measurement number mm
X Y Z
1 0 0
2 Ryy 0
3 Ryy 0 0
4 -Ryy 0 0
5 0 =Ryy 0
6 0 0 Rypps
7 0 0 *RyNEG
8 R x 0,683 R x 0,183 Rx 0,07
9 R x (-0,500) R x 0,500 Rx 0,07
10 R x (-0,183) R x (-0,683) Rx 0,07
NOTE 1 Ryy is the XY-plane scanning measurement range as specified by the manufacturer/supplier.
NOTE 2 Rypgs, and Ryygg are the Z axis measurement range (positive and negativeé material condition regpectively) as
specffied by the manufacturer/supplier.
NOTE 3 Ris the smallest of Ryy, Rypgs, and Ryygg-

7.2.4
Filte
agre
used

For ¢

1.3 Analysis of results

ring algorithms and parameters can be used for thé-analysis of the scanning 3D perform
ed between manufacturer/supplier and user. If filtering is applied, the parameters and
shall be stated with the test results.

bach sphere measurement, proceed as fallows.

Usinjg the above data, proceed as follows.

a)

b)

d)

ising all of the tip centre points(ofiall eight scans. Record these values as centre coordi
Vs 3p Zsc,3p and the diameter Dy 5p of the sphere.

For each of the measured\scan points, calculate the radial distance, r, to the centre co
the sphere.

Compute the form ertor, FSC,3D' as the range of the calculated radial distances, r.

Calculate the scanning 3D position reproducibility, Ec 3p pog as the maximum distance
spherecentre locations X 3y Ysc 3p Zsc,3p recorded in measurement 2 to 10 from the sp
ocdtion recorded in measurement 1.

Compute the centre location and diafneter of the Gaussian (least squares) sphere (associallt.le

ance testas
algorithms

d feature)
ates Xgc 3p

brdinates of

bf any of the
here centre

Catcutate—tie stanmng 3D —diameter error £5: 3p pia a5 te MTaxinmuT deviation of

any of the

10 Dgc 3p measurements from the sum of the stylus tip diameter and the calibrated reference
sphere diameter. If the scanning system can report the qualified diameter of the stylus tip, then
this value should be used, otherwise the nominal diameter of the stylus tip should be used.

Calculate the scanning 3D form error, Eg 3p porm @S the maximum of the form error Fy¢ 5 in any of

the ten measurements.
NOTE

Report the scanning 3D time Tg 3.
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7.3 Bore gauge

7.3.1 General

The purpose of this clause is to standardise procedures for measuring the measurement repeatability
of a bore gauge system directly applied on machine tools.

The test procedures are not designed to differentiate between the various sources of errors. Their
purpose is to indicate the combined influence of the environment and the bore gauge system on the
measurement repeatability of bore measurements. The tests in this clause apply to the acceptance and
inspection of the bore gauge system.

Bore gauge systems are contacting or non-contacting measuring systems. This clause describes cmlrtact
measuring systems. Non-contacting measuring systems will not be addressed in any furtherydetail.
Tasks of boye gauge systems:
a) Bore gquge systems can be deployed for the following measurement tasks:

— diameter of circle/cylinder;

— slot width;

— podition of cylinder, only valid for radially positioned measuringelements [see Figure 10 bj)];

— cyl|ndricity;

— corjcentricity between circles/cylinders, and

— royndness.
b) Bore gquge systems are used for the following detection tasks, which result in OK or NOT OK:

— form detection, and

— tool wear and cutter breakage detection.
NOTE The measurement detects the-effects of wear and cutter damage.
7.3.2 Chgracteristics of bore(gauge systems
7.3.2.1 Differences between bore gauge systems and touch trigger probes
Bore gauge| systems.are devices that independently perform measurements, whereas touch trigger
probes only generate/reference signals, which are processed in the machine tool together with pxes
positions t¢ generate measurement values. This means that bore gauge systems largely meajsure
independer}tly of the machine tool accuracy, whereas the measurement results of touch trigger prpbes
are influended-by the machine accuracy.

Certain measurement results are detected in conjunction with bore gauge systems and machine tool
axes. An example of this is the position detection of a component in relation to the machine tool axes.

7.3.2.2 Components of a bore gauge measuring system

Bore gauge
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systems typically consist of the following components (see Figure 9):

bore gauge, battery-powered or wireless power supply;
bore measuring head, optionally replaceable;

replaceable tool holder;
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— wireless data transmission;

— gauge for qualification of the bore gauge system;

— measurement system software for performing the specific measurement tasks;
— interface for communicating with the machine tool;

— computer system for the measurement, analysing measurement results and programming
measurement parameters (optional);

— configurable NC cycle, and

— rollision guard, as separate component, alternatively integrated into bore gauge.

©
| O

[ ] 7
5 | I © )
Key
1 tool:hoelders
2 bore'gauges
3 compttersystem
4 receiver and interface
5 measuring heads
6 gauge for system qualification for centrally positioned measuring element
7 gauge for system qualification for radially positioned measuring element

Figure 9 — Elements of a bore gauge system

7.3.2.3 Bore gauge system design

Bore gauge systems for use in machine tools mainly differ from manual systems in that these do not
require any self-alignment, because the bore gauges are positioned by the machine tool.
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There are typically two types of bore gauge system (see Figure 10):

— centrally positioned measuring element (the position of the measuring contacts is managed using
the sensor by way of a centrally arranged mechanism), these can be typically used for diameter
measurement;

— radially measuring elements (can be variably arranged in terms of position and quantity), these
can be typically used for diameter, concentricity, cylindricity, position, and other geometric
measurements.

a) - Centi

Key

1 measy
2 embog
3 measy

7324 M

Form: Then
measuring

Radius: Th¢
task. It is p
50 % of the
measureme
measuring
positioning

rally positioned measuring element b) - Radially‘positioned measuring eleme

ring element
s/drive needle
ring contact

Figure 10 — Typical-designs of bore gauges

easuring contacts

heasuring contacts are generally rotationally symmetrical, taking the form of the mecha
Contacting element.

Fimarily based on the hole's diameter to be measured and is typically between 15 %
hole radius.The radii of the contact element are selected depending on: Surface quali
nt point{diameter of hole to be measured and positioning accuracy of bore gauge. L3
contact-radii reduce the influence of roughness. Smaller radii reduce the influeng
errors.

hical

e radius of the measuring contacts shall be appropriately selected for the measurefnent

and
ty of
rger
e of

7.3.2.5 Factors influencing the measurement

Factors that can influence the accuracy of the measurement can include

— accuracy of positioning of machine tool axes;

— run-out and vibration of machine tool spindle;

— thermal distortion of the machine tool axes and spindle;

— surface

texture of the probed workpiece surface, and

— changing environment and workpiece temperature.
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Other factors that can influence the accuracy of the measurement can include

7.3.
Bef

cleanliness of bore gauge, workpiece, ring gauge for system qualification;

0:2022(E)

temperature of the bore gauge, workpiece, ring gauge for system qualification and temperature of

the environment;
measurement software;
orientation (horizontal/vertical) of gauge for system qualification and bore gauge, and

quality of the ring gauge used for system qualification.

Preliminary remarks

e starting the measurements, the bore and the bore gauge shall be aligned parallel

averpge line of the spindle. The bore gauge shall be qualified with a reference gauge a
manufacturer/supplier instructions.

7.3.
The

]
4

8.1 Sources of test uncertainty

main contributors to the test uncertainty for bore gauge measuring system performan
the uncertainty of the system qualification ofthe referenceartefact,i.e. gauge forsystemq
Fhe alignment of the gauge for system qualification, where applicable,

Lhe fixture of the gauge for system qualificationwhere applicable,

positioning accuracy of the machine tool,

Fepeatability of the measurements based on the actual test environment, and

the compensation of thermally<inhduced influences when measuring at temperatures
manufacturer/supplier environmental temperature guidelines.

If tgsts are performed at témperatures complying with the manufacturer/supplier gt
if nd environmental temperature guidelines are given, the test results will properly re
metrological characteristics of the gauging system under test; therefore, there is no contrib

test

Co

lincertainty.

ensation forthe size of the reference artefact - due to temperature not being equal

not being equalte the specified reference temperature) - is only allowed if built in nominal
expdnsion (NDE) correction is included in the normal operation of the bore gauge measurin

7.3.3.2_“Report of test results

to the axis
ccording to

re tests are

halification,

the environmental temperature variation error (ETVE) at the time of measurement or the

outside the

lidelines or
present the
ution to the

to 20 °C (or
differential
g system.

Relevant parameters of the test shall be reported, such as

identification of machine tool,

identification of NC-software and version number, where applicable,
identification of bore gauge measuring system and its evaluation software,
type, dimension and identification of item measured,

specified reference temperature,

radius of the contact elements,

configuration of bore gauge measuring system,

© IS0 2022 - All rights reserved

45


https://standardsiso.com/api/?name=640385fa97d09ec0ce81d5af1e5ad011

ISO 230-10:2022(E)

force setting, where applicable,

orientation of the bore gauge measuring system if not fixed by design of the machine tool,
location of the artefact in the machine tool measuring volume, where applicable,

feed speed for positioning of bore gauge measuring system for qualification and for testing,
programmed indexing steps or spindle speed, where applicable,

relevant machine temperatures and ambient temperatures, and

7.3.4 Determination of measurement repeatability of the system

Measuremse

The measurement repeatability is verified by measuring the workpiece geometry at the

measureme
repeated 2(

Compute the measurement repeatability R p as the range of the recorded-values.

8 Probil

8.1 Touc

8.1.1 General

Throughou
tool-setting
measuring

Some mach
the length 3
used to refi
cylinder) o

In machini
machine wq
deflection

NOTE S
very limited

warm-up cycle.

nts shall be performed in accordance with the manufacturer/supplier instructions.

g

nt position against the gauge for system qualification several times:\The measureme
times, using the measurement software provided by the manufactarer/supplier.

ng of tools

h trigger probes

this clause, the expression "tool-setting system(s)" shall be interpreted as "contad
system(s)". Tests related to probing of tools with non-contacting laser light barrier
bystems are described in 8.2.

ne tools are equipped with.a'sensor/probe system designed to set, under machine cor
nd/or diameter of a variéty of rotating tools. Such tool setting systems are also somet
brence the X-, Y- and Z-/position of a non-rotating, geometrically accurate tool (e.g. a
to detect broken todls)

1g centre applications, tool setting systems are typically located near the edges of
rking volume (ot near the tool changer) and they are rigidly mounted in order to minij
Vhen submitted to typical switching forces of some newtons.

bme spéctal-purpose tool-setting systems used for length setting of very small diameter tools
switching forces.

ame
nt is

ting
tool

trol,
mes
solid

the
mize

have

their

Typical sty
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surface is wear-resistant.

Alignment of the stylus tip, which consists of aligning the stylus tip reference surfaces to the MCS, shall
be performed in accordance with the manufacturer/supplier instructions.

Operation of the tool-setting system shall strictly conform to the manufacturer/supplier instructions.
Additional attention shall be devoted to safety during measurement with rotating tools.
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1 1
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i | i |
Y L// \\J Y L// \\J
~a < ~a <
a) fool-setting system with cylindrical shape b) Tool-setting system with prismatic shape

Key

Feference tool

Hisk type stylus tip

bquare type stylus tip
—-—- machine tool movements

Figure 11 — Sample qualification cycles for tool-setting system using a referencie tool

8.1.2 Tool-setting system qualification
Qualification of tool-setting systems is normally, performed using a reference artefact rgpresenting
the ¢utting tool (e.g. a solid cylinder, calibrated\for diameter and length) applying an automatic built-in
cycl¢ aimed at defining
a) ptylus tip effective size, and
b) ptylus tip location with respect to the MCS.
Spedial care shall be devoted\te the determination of the effective distance between the tool-setting
system stylus and the spindlereference surface, as specified by the manufacturer/supplier ipstructions.
To determine such djstance, an independent calibration of the length of the reference tool [is required.

This| operation is indispensable to ensure tool-length setting performance and it is typical
either by using an-external tool-setting equipment or by measuring (directly on the machi
distance between the spindle reference surface and the most protruding part of the referen
the help of alimear displacement sensor, taking the Z-axis displayed movement as the referg

8.1.

Tool-setting repeatability

ly executed
[le tool) the

e tool with
nce.

8.1.3.1 General

Some tool-setting systems can only measure tool length without the spindle rotating. Others are
capable of measuring length and diameter with the spindle rotating.

Some machine tools have a manual or robotic system to move the tool probe into the machine workspace.
When testing these machine tools, after each tool measurement, the tool probe should be removed and
moved again into the machine workspace.

The typical application of a properly qualified tool-setting system is relative measurement; therefore,

only

repeatability tests are addressed.
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8.1.3.2 Tool length-setting repeatability with a non-rotating tool

8.1.3.2.1 General

Tool-length setting with a non-rotating tool is typically performed for drilling tools or for tools with a
diameter smaller than the stylus diameter, thus ensuring that the longest tooth is detected.

Some systems also allow tool-length setting for non-rotating tools with large diameter where, with the
help of spindle axis orientation, the most protruding cutter length is detected. See the manufacturer/
supplier instructions.

8.1.3.2.2 [Test setup and procedure

Position th¢ spindle axis over the sensor/probe, programming (where applicable) the reqaired offset
(see Figure|12).

NOTE Offset is required when the longest cutter of the tool has a bigger diameter than the-stylus diamdter.

£ £ H
v Y v Y v Y
. ~J N "q
Z . = '&
. L0 Y
| X — <—
—3— —3—
| | |
a) b) c)

Key
a) drilling tool
b) milling fool with sharp edge

c¢) milling Eol with bevelled edge
L toollength

spindle axis offset
Figure 12 — Tool:length setting repeatability measurement with a non-rotating tool

Measure and record the tool-length, L, ten times using the cycle provided by the manufacturer/supplier.
The spindle shall not be rotating.

Compute the tool-length setting repeatability, Rggr ), y, as the range of the recorded L values.

8.1.3.3 Tool length-setting repeatability of a rotating tool

Tool-length measurement with a rotating tool may be performed for drills or ball end mills where
the tangential speed of the rotating tool point contacting the probe/sensor is very small, or it may
be performed for other types of tools by limiting the rotational speed and the feed speed in strict
conformance with the manufacturer/supplier instructions (see Figure 13).

Tool rotation shall be in the opposite direction to normal cutting rotation.

SAFETY WARNINGS — Measurements with rotating tool involve safety issues. Attention shall be paid to
relevant safety standards.
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Measure and record the tool length, L, ten times, using the cycle provided by the manufacturer/supplier.

Compute the tool-length setting repeatability, Rggy ), g, as the range of the recorded L values.

Key

<Qum
|

<Qum
|

| ~
Z ny, &
A

fool length
spindle axis offset

Figure 13 — Measurement of tool length-setting repeatability of a rotating tc

8.1.3.4 Tool diameter setting repeatability

Tool
perf]

rotation shall be in the opposite direction to nermal cutting rotation. Measuremg
brmed in accordance with the manufacturer/supplier instructions (see Figure 14).

SAFETY WARNINGS — Measurements with rotdting tool involve safety issues. Attention shou
releyant safety standards.

Key

Z

<um <§um H
T_, X ll... 'y Il... .

v
L

fool length
Fool radius

Figure 14 — Measurement of tool diameter setting repeatability of a rotating

yol

nt shall be

d be paid to

ool

Some tool-setting systems do not automatically control spindle speed and measuring feed speed
to match the radius and the number of cutters of the tool. As safety issues are involved, additional
attention is required, and the following topics shall be considered:

a)

b)

c)

maximum tangential speed shall be defined by the manufacturer/supplier; an excessive tangential

speed can deteriorate the performances of the probe/sensor;

spindle speed for a given tool radius shall be automatically adapted (or programmed) according to

item a);

measurement feed speed shall be automatically adapted (or carefully selected) because the
combination of non-synchronized angular location of the cutter with respect to the expected
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contacting point to the probe/sensor, approaching distance and feed speed would generate
significant test uncertainty.

For a given maximum tangential speed V, the calculations in Formulae (3) and (4) shall be performed:

S=V/(2m x R x 0,001) (3)

F=SxE 4)
where

V' is the tangential speed, in m/min;

R isthe tool radius, in mm;

S is the calculated spindle speed, in r/min;

F  isthe measurement feed speed, in mm/min;

E isthe minimum expected measurement repeatability, in mm.

The formulje refer to a single cutter tool. It shall be considered that, fof multi-cutter tools, the single
most protrjuding cutter has a higher probability of contacting the/probe/sensor first; therefore,
increasing the calculated feed speed in direct proportion to the number of cutters can underestimate
the minimum expected measurement repeatability.

For examplg, for a maximum tangential speed of 40 m/mih.and a single cutter tool with a radiyis of
40 mm, a njaximum spindle speed of approximately 160%/min is computed. For a minimum expected
measurement repeatability of 0,005 mm, a feed speed@f0,8 mm/min shall be programmed.

Position th¢ Z-axis according to the manufacturer/supplier instructions for the specific tool type.
Measure a:E record the tool diameter ten timi€s-using the in-built cycle.

Compute the tool diameter setting repeatability, Rgr p g, as the range of the recorded values.

8.2 Non-contacting laser light barrier tool measuring system

8.2.1 General

This clause|specifies procedures for measuring or checking the performance (see 8.2.7, 8.2.8) of pon-
contacting fool measuning systems applying the laser light barrier principle.

NOTE There asevalso other non-contacting measuring systems, such as line laser, CCD detectors and sipgle-
sided reflectjon“based laser systems which are not subject of this clause.

The tests are not designed to differentiate between the various causes of errors. Their purpose is
to indicate the combined influence of the environment, machine tool, laser system and laser system
software on the performance of tool measurements and detection tasks. The detection of tool clamping
errors as addressed in 8.2.7.4 is only applicable to ISO 12164-1 type of tool holders.

The tests in this clause are applicable to acceptance and reverification testing of laser light barrier
systems. The tests described below also check that the system functions correctly and has been
correctly integrated with the machine tool.

Laser light barrier systems work as optical switches when a defined degree of shading is reached. Here,
the tool is moved with the machine tool axes relative to the laser light barrier system until one cutting
edge first (when measuring bright-to-dark) or last (when measuring dark-to-bright) interrupts the
beam (see Figure 15). Upon such a change in brightness, the laser light barrier system generates an
electrical trigger signal that is used to detect and store the current machine tool axes positions and stop
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the movement of the axes. With the aid of the system parameters determined during the previously
performed qualification process, the measuring cycle calculates, for instance, tool dimensions.

8.2.2 Typical functions of a laser light barrier system

Using non-contacting measuring systems, it is possible to assess various tool properties for detection
and dimensional measurement. This document differentiates between detection tasks, which deliver a

disc

a)

b)

rete result, such as intact/broken or yes/no or 0/1 and measurement tasks:

Detection tasks:

— tool breakage detection,
— individual cutting-edge breakage detection,
— breakage detection by identification of abnormal form deviations,
— tool clamping errors, e.g. by run out detection,
— tool identification.
Measurement tasks:
— measurement of length and radius,
— run-out measurement,

— form deviation, e.g. wear measurement.

8.2.3 Differences between laser light barrier;systems and contacting tool measuring

Sinc
by c

e laser light barrier systems are optical measuring systems, measurement results can by
bntamination on the cutting tool itself, by contamination on the measuring device and

conditions (coolant, coolant mist etc).The laser light barrier system therefore requires

prot|

the gability to perform measurements at spindle speeds that are used for cutting and the ab:s

mec

Co

hanical forces applied to thetool during measurement.

ared to the contact element of most contacting tool measuring systems, laser light barf

are gble to measure more-geometric characteristics - for example, the contour of a ball end
chedked for geometricdéviations or wear.

8.2.

Laser light barrier tool measuring system

8.2.4.1 Components of a laser light barrier tool measuring system

systems

e influenced
by ambient
hppropriate

ection from the prevailing ambient conditions inside the machine tool. Further differefpces include

ence of any

ier systems
mill can be

A lagerdight barrier system typically consists of the following components (see Figure 15):

a laser light barrier device with suitable method to protect the optics from the machine tool

environment,

a CNC machine tool with corresponding degrees of freedom of the tool relative to the laser light

barrier system,

a facility for cleaning the measurement point on the tool, typically using compressed air from a tool

cleaning nozzle,

a pneumatic unit for processing and supplying barrier air,
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— areference tool that is mounted in a tool holder that can be automatically changed to qualify the
laser light barrier system, which may also be used to measure the thermal displacement of the
machine tool,

— anelectrical connection to the machine control system via a measuring input and, depending on the

system,

— measur

further inputs and outputs, and

ement software with or without graphical user interfaces for defining and performing

specific detection and measurement tasks.

Typical requirements include:

— flexibil

— measui

— selectable number of repeated measurements and detecting the deviation of results,

— flexibil
— if possi
Key
1 transn
2 laser |
3 receiv
Figure
8242 M
The arrang

ty in terms of measurement parameters (example: measurement positions),

ements at selectable spindle speed,

ty of analysis strategies: initial measurement, wear measurement, detection, and

ble, prevention of further tool usage if tolerance is exceeded.

1 2 3

hitter
eam

eI

15 — Typicaldesign of a laser light barrier system with transmitter and receiver

ounting.and aligning the system to the machine tool axes and system qualification

the accurad
units of the

laser light barrier system should be.

NOTE Figure 16 depicts two different arrangements of laser light barrier systems representing different
distances between transmitter and receiver.
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a) Trfansmitter/receiver units separately mounted b) Transmitter/receiver on.a-shared support with
with a long system distance a short system distanceoh the machine table

Figure 16 — Arrangements of laser light barrier. systems

Before first commissioning of the laser light barrier system and when performing periodic inspections,
the alignment of the beam axis to the relevant machine tool axes should be inspected in|accordance
with manufacturer/supplier specifications and adjusted if négessary. Beam angle errors relative to the
direftion of approach can be very large in the case of radialimeasurement, even though thgy may have
no sjgnificant impact on the result. In the case of largertool radius and when measuring the length in
the ¢entre of the tool, however, more stringent requirerfents shall be applied to the perpendicularity of
the Ibeam relative to the spindle axis. The procedure and limit values as specified by the maphufacturer/
supplier shall be taken into account.

Figure 17 — Various reference tools in typical tool holders

A reference tool (see Figure 17) is used to qualify the laser light barrier system. Measurement
uncertainties for dimensions, form and run-out of the reference tool influence the uncertainty of probing
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system qualification. It is important that the reference tool is clean. In the cycle for probing system
qualification, the system parameters of the laser light barrier system are determined by measuring the
reference tool. These system parameters form the basis for the subsequent measurement and detection

tasks.

8.2.5 Factors influencing the uncertainty of tool dimensional measurement

Factors that may influence the uncertainty of the measurement include

— accuracy of positioning of machine tool axes;

— run-oufand vibration of machine tool spindle;

— ambie

factors such as air turbulence, coolant dripping, coolant mists, soiled tools, chips;

— thermall distortion of the machine axes and spindle;

— distang
— measuy
— speed f
— variatiq
— uncert3

— progral

e between the transmitter and receiver of the laser light barrier system;

ing position between transmitter and receiver;

Juctuation during approach operation;

n of time delay from detection of laser beam interruptionto,detection of position;

inty of reference tool radius and length, and

8.2.6 PrTiminary remarks

The laser 1
with the sp
alignments
satisfactory

ght barrier system shall be fully assembled and completely ready for use in accord
ecifications of the manufacturer/supplier. All necessary adjustment operations, geom
and functional tests of the laser({ight barrier system shall have been completed
outcomes before the tests are started.

The prevailing ambient conditions in-the working area (e.g. the influence of cooling lubri

contaminat|
measuremse

8.2.7 Vern

8271 T
The followi

a) Thetod

jon, chips, etc.) shall be-taken into account when determining the requirements foj
nt task.

ification of detection tasks

pol breakage'detection

hg steps shall be performed to verify the tool breakage detection function:

mmed parameters of the measurement cycles, e.g. allowed range of measurement resulf

ance
btric
with

rant,
the

| used for this test shall be selected by agreement between manufacturer/supplier and fiser;

If applicable, a tool with the smallest radius should be selected as this kind of tool is generally most
difficult to measure.

b) Measure the length of the tool and enter the value into the control system's tool table;

c¢) Detection of unbroken tool:

1) Perform tool breakage detection three times under realistic conditions (e.g. with cooling

lub
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ricant used just before the test) and report results (as good or broken);
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