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Foreword

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

The [procedures used to develop fs—docurne amd OSe Imtended for i 0 er TTaintenance are
desdribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria.tie¢ded for the
drent types of ISO documents should be noted. This document was drafted in accendarice with the

Atteption is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such’patent rights. Details of
patent rights identified during the development of the document will'be in the Introdudtion and/or
e ISO list of patent declarations received (see www.iso.org/patents);

Any|trade name used in this document is information given for thé tonvenience of users apd does not
congtitute an endorsement.

For an explanation on the meaning of ISO specific terms*and expressions related to|conformity
assegsment, as well as information about ISO’s adheréence to the WTO principles in the Technical
Bariliers to Trade (TBT) see the following URL: Forewa?d - Supplementary information

The [committee responsible for this document isslSO/TC 39, Machine tools, Subcommitteg SC 2, Test
conditions for metal cutting machine tools.

This| second edition cancels and replaces the'first edition (ISO 230-10:2011), of which it cpnstitutes a
mingr revision. It also incorporates the amrendment [SO 230-10:2011/Amd 1:2014. In Table B.1 an entry
with the value of “R x 0,050” has beenmrteplaced with “R x 0,500

ISO 230 consists of the following parts, under the general title Test code for machine tools:
— Part 1: Geometric accurdcy of machines operating under no-load or quasi-static conditiong
— Part 2: Determinationof accuracy and repeatability of positioning numerically controlled gxes
— Part 3: Determination of thermal effects

— Part 4: Circular tests for numerically controlled machine tools

— Part 5: Determination of the noise emission

— Part 6: Determination of positioning accuracy on body and face diagonals (Diagonal displacement tests)

— Part 7: Geometric accuracy of axes of rotation
— Part 8: Vibrations [ Technical Report]

— Part9: Estimation of measurement uncertainty for machine tool tests according to series 1SO 230, basic
equations [Technical Report]

— Part 10: Determination of the measuring performance of probing systems of numerically controlled
machine tools

The following part is under preparation:

— Part 11: Measuring instruments and their application to machine tool geometry tests [ Technical Report]
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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 part of ISO 230 concerns test procedures to evaluate the measuring performance of contacting

probing sys

tems (used in a discrete-point probing mode) integrated with a numerically controlled

machine tool. 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|of these tests do not reflect on the performance of the machine tool in a metal cuttingajode.
When the tg¢sts are required for acceptance purposes, it is up to the user to choose, in agreement with
the manufacturer/supplier, those tests relating to the properties of the components of the: madhine

probing system, which are of interest.

The results

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

measuring machine (CMM). Such performance involves traceability issues and jit.is“intended that [they

be evaluatefd according to ISO 10360-2 and ISO 10360-5.

An alphabe

Test procedures to measure performance with scanning probes are given in Annex B.

ical list and short description of the symbols used in this part of 1SO 230 is given in Anngx A.

Vi
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ERNATIONAL STANDARD ISO 230-1
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Test code for machine tools —

Part 10:
Determination of the measuring performance of probing
systems of numerically controlled machine tools

1
This

Scope

part of ISO 230 specifies test procedures to evaluate the measuring performance o

proljing systems (used in a discrete-point probing mode) integrated with a~numerically

mac

It d

hine tool.

es not include other types of probing systems, such as those used in scanning m

contpcting probing systems. The evaluation of the performance of-the machine tool,
coorjdinate measuring machine (CMM), is outside the scope of thiscpart of ISO 230. Such p

eval
can,
acco

1ation involves traceability issues, is strongly influenced by.machine tool geometric a
in addition to the machine tool probing system tests speeified in this part of ISO 230, b
frding to ISO 10360-2 and ISO 10360-5.

Numjerically controlled machine tools can apply contacting probing systems in machin

appl

NOT

jcations, such as

dentification that the correct workpiece has’been loaded before machining,

ocation and/or alignment of the workpiece,

measurement of the workpiece after-machining, but while still on the machine,
measurement of the position,.and orientation of the machine tool rotary axes,
measurement and setting.of the cutting tool (radius, length and offset of the tool), and

Hetection of tool breakage.

instgnce turning and\grinding centres, be included in a future revision of this part of ISO 230.

NOT

K 2 Thisvpart of ISO 230 does not include non-contacting type of probes (e.g. optical proli

interjded thatithey be included in a future revision of this part of ISO 230.

2

ormative references

[ contacting
r controlled

de or non-
used as a
erformance
rcuracy and
e evaluated

ng process

£ 1 This part of 4SO 230 focuses on machining centres, but it is intended that other types of machines, for

es), but it is

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 230-1, Test code for machine tools — Part 1: Geometric accuracy of machines operating under no-load
or quasi-static conditions

[SO 230-2, Test code for machine tools — Part 2: Determination of accuracy and repeatability of positioning
of numerically controlled axes

[SO 230-3:2007, Test code for machine tools — Part 3: Determination of thermal effects

© ISO 2016 - All rights reserved
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ISO 10360-5:2010, Geometrical product specifications (GPS) — Acceptance and reverification tests
for coordinate measuring machines (CMM) — Part 5: CMMs using single and multiple stylus contacting
probing systems

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

NOTE In measuring mode, machine tools are used like CMMs. Therefore, definitions for probing systems
performance tests for CMMs apply also for machine tools. However, since not all machine tool users are familiar
with the use,of CMMs this part of ISQ 230 prnvir‘pc definitions cppr‘ifir‘q]ly with machine tools in mind m"king

sure that they do not create any conflicts with CMM definitions.

3.1 Gengdral terms

3.1.1
machine cqgordinate system
MCS
coordinate pystem fixed with respect to physical or calculated axes of a machinetool

[SOURCE: I§0 10360-1:2000, 2.5 — modified.]

3.1.2
workpiece|coordinate system
WCS
coordinate pystem fixed with respect to a workpiece

[SOURCE: I§0 10360-1:2000, 2.4]

3.1.3
measuring|volume
three-dimensional space encompassing all lineatr-coordinates that are accessible for measurement on
the maching tool

[SOURCE: 130 10360-1:2000, 2.3 — modified.]

3.2 Terms relating to the probing system

3.21
probe
device that senses a featlire’and generates the signal(s) during probing

[SOURCE: 10 10360-1:2000, 3.1 — modified.]

Note 1 to enfry:AThere are several types of probes used on machine tools and they use different technologies to
achieve the gafne aim.

Note 2 to entry: Probes can either be “switching” types or “proportional” types. These are all available as either
“contacting” or “non-contacting” systems. Non-contacting systems are not part of the scope of this part of ISO 230.

3.2.11
switching probe
probe that gives a binary signal as a result of contact with a surface being measured (detected)

3.2.1.2
proportional probe
probe that gives a signal (analogue or digital) proportional to a displacement of the stylus tip

2 © IS0 2016 - All rights reserved
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3.2.1.3
contacting probe
probe that needs material contact with a surface being measured (detected) in order to function

[SOURCE: ISO 10360-1:2000, 3.2 — modified.]

EXAMPLE Electrical circuit breakage, strain gauge.

0:2016(E)

Note 1 to entry: The contacting feed speed applied to obtain the material contact can influence the performance
of such probes. Proper contacting feed speed is specified in the manufacturer’s/supplier’s instructions.

Note 2 to entry: For best performance, the contacting feed speed applied during measurement is the same as the

feed

3.2.
non
proh

[SoU
EXA
Note

3.2.

speed applied during probe qualification.

.4
contacting probe
e that needs no material contact with a surface being measured in order to function

RCE: ISO 10360-1:2000, 3.3 — modified.]
MPLE Optical and laser systems, inductive and capacitive systems.

1 to entry: Non-contacting probes are not included in the scope of this,part of ISO 230.

D

probing system

syst
cong
proH

em consisting of a probe (3.2.1), signal transmission system (e.g. optical, radio, W
itioning hardware, the probing hardware and spftware and, where present, probe
e changing system, stylus and stylus extensions, when used in conjunction with

numferically controlled machine tool

[sot

Note
prob
depi
appli
resp

3.2.

RCE: ISO 10360-1:2000, 2.6 — modified.]

1 to entry: Tests specified in this part'ofISO 230 are referred to probing systems consisting
es equipped with a single stylus system that is parallel to the machine tool spindle axis avg
ted in Figure 2. For applications using stylus systems equipped with multiple styli (see Figui
cation where measurement is performed by using multiple orientations of the spindle axis aver]
bct to the WCS, additional testS:are specified in ISO 10360-5.

B

probing system qualification

esta
necqg

Note
aret

ssary for subseguent measurements

1 to entry: Effective stylus tip diameter (3.2.5) and location of the stylus tip centre with respe
ypical parameters established by probing system qualification.

rire), signal
extensions,
a suitable

bf contacting
rage line, as
te 3), and for
age line with

pblishment of the parameters of a probing system (based on manufacturer’s/supplier’s ifjstructions)

t to the MCS

on with the

Note| 2 £o ‘entry: Suppliers’ technical literature sometimes refers to probing system qualificat
expression “probing system calibration”; this expression is not appropriate.

3.2.4

pre-travel

distance between the point of first material contact of the probe stylus tip with the surface being
measured (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 3 to entry: Some probe qualification techniques can significantly reduce the effects of probing system pre-
travel variation.

© ISO 2016 - All rights reserved
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3.2.5

effective stylus tip diameter

effective stylus tip size

stylus tip dimension used by some probing software to compensate for measured feature size, etc.

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

3.2.6
stylus tip
physical element that establishes the contact with the object to measure

[SOURCE: I§0 10360-1:2000, 4.2 — modified.]

3.2.7
stylus system
system conposed of a stylus and stylus extension(s) (if any)

[SOURCE: 130 10360-1:2000, 4.4 — modified.]

Note 1 to enlry: Stylus extensions can reduce stylus system stiffness and can adverselyinfluence probing syjstem
performancgq. Therefore, performance tests are carried out using the particular stylus extension(s) of interejst.

3.2.8
stylus system length
<spherical §tylus tip> distance from the centre of the stylus tip to.the shoulder of the stylus systen

Note 1 to enfry: See Figure 1.

—EfE——— R E=——

Key
a  stylus system length

Figure 1 — Stylus system length

3.29
probing topl
device consfisting of a probeland its stylus system, attached to a tool holder

Note 1 to enffry: See Figute 2.

3.2.10
probing-to
distance fromthemeostprotruding pointo

or gauge line that connects to the probing tool

wrface

Note 1 to entry: See Figure 2.

Note 2 to entry: Some probing systems establish the probing-tool length as the distance from the centre of the
stylus tip surface to the machine tool spindle reference surface that connects to the probing tool.

Note 3 to entry: For solid-shank-type tool holders, the spindle reference surface is at the spindle cone gauge line.
For other tool holders (hollow shank), the spindle reference surface is the spindle face.

Note 4 to entry: The procedure for establishing the length of the probing tool is specified in
manufacturer’s/supplier’s instructions.

4 © IS0 2016 - All rights reserved
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L

Key
1 ppindle
2 tool holder
3 probe
4 btylus
L  probing-tool length

Figure 2 — Probing-tool length
3.2.11
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
3.3 | Terms relating to probing
3.3.1
proIing
probe
meapurement action that results,in.the determination of values (e.g. coordinate values, length values,
falsg/true values)
[SOURCE: ISO 10360-1:2000,-2.7 — modified.]
Note| 1 to entry: Probing associated with the measurement of cutting tools does not necessarily fresult in the
deteymination of coordinate values.
Note|2 to entry: Rx0bing associated with tool breakage detection results in the determination of a fal§e/true state.
3.3.11
1D probing
meapurement allowing for probing motion parallel to one machine coordinate system axfs or to one
worKplece coordinate Systent axis at One tIme oniy

Note 1 to entry: 1D measurement capability is associated with the probing system performance, not only with
the contacting probe capabilities.

3.3.1.2
2D probing
measurement allowing for probing motion along a vector in a plane

Note 1 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) traction in the +Z direction.

© ISO 2016 - All rights reserved
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Note 2 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 3, 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.

Note 3 to entry: Independent qualification for stylus tip 1 and for stylus tip 2, and additional tests, are specified
in ISO 10360-5.

Key
stylus tip 1
stylus tip 2
spindle
tool holdler
probe

N U1 AW N

workpiece
Figure 3 — Probing-tool equipped with 2 styli

3.3.1.3
3D probing
measurement allowing for probig motion along any vector in space

3.3.2
probing repeatability
degree of closeness of\coordinate values provided by the probing system when it is repeatedly applied
to the same|measuratid under the same test conditions

Note 1 to enfry; This definition specifically refers to the scope of this part of ISO 230 and the probing sysftems

under test; itis:dot extended to the gpnpra] definition assaciated zith the mpfrn]ngir‘a] characteristics definled in

other International Standards.

Note 2 to entry: Probing repeatability can be expressed quantitatively in terms of the dispersion characteristics
of the measured values or by the range of measured values.

Note 3 to entry: Probing repeatability relates to the complete probing system. It is not comparable with “probe
repeatability” as defined in the probe suppliers’ handbooks.

6 © IS0 2016 - All rights reserved
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3.3.3

probing error

PrTy

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

Note 1 to entry: The symbol, Prry, is taken from ISO 10360-5:2010, 3.6 and 3.9. 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 (tactile) probing system and the character U indicates the use of a single
(unique) stylus.

Note2toentry A typical reference artefact for 2D probing is a ring calibrated for form-—A typical reference

ing i
arteffact for 3D probing is a sphere calibrated for form.

Note|3 to entry: 2D probing error is addressed in 6.5 and 3D probing error is addressed in 6.6}

3.4 | Terms relating to scanning probes (See Annex B)

3.4.1
rest{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 entry: The rest position is a nominal position that is established during qualification. The actual rest
posifion at any time typically varies slightly from this value.

3.4.2
maximum scanning deflection
maxjmum deflection that can be applied to the.gentre of the probe’s stylus tip during|a scanning
meapurement specified by the manufacturer

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

3.4.

probe over-travel limit
maxjmum deflection of the centte of the probe stylus tip from the rest position that can be applied
without causing damage to theprobe stylus assembly

3.4.

minjmum scanning déflection
minimum deflectionCef the centre of the stylus tip from its rest position that is allow¢d during a
scanning measurement

Note| 1 to entpys, Deflection is programmed to be large enough to ensure that the stylus tip maintains contact
with|the surface’throughout the measurement.

3.4.

sca ning measurement range
maximum allowed distance between the nominal scan line and the actual scan line, as specified by the
manufacturer/supplier

Note 1 to entry: This distance may be expressed separately for the different axes of the probe, e.g. + 0,3 mm in X
andY, + 0,2 mminZ.

Note 2 to entry: The scanning measurement range is less than the difference between the maximum scanning
deflection and the minimum scanning deflection for a number of reasons, including

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

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

© IS0 2016 - All rights reserved 7
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— additional probe deflection caused by movement along the surface (e.g. friction, local surface normal
deviations, surface finish).

3.4.6

stylus tip normal acceleration

acceleration of the centre of the stylus tip relative to the surface being measured, normal to the
target surface

Note 1 to entry: Stylus tip normal acceleration is sometimes considered to limit the scanning feed speed for
features that have sharp scanning path variations, and would therefore demand high rates of acceleration from
the machine tool axes. Scanning performance is affected mostly by acceleration normal to the surface being
measured, asmachine position errors in the direction of the target scan line do not usually lead to significant
measuremerjt errors.

3.4.7
indicated tip centre point
indicated pgsition of the centre of the stylus tip during a measurement

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

3.4.8
scanning sphere centre position reproducibility
maximum variation of the sphere centre positions obtained through multiple measurements comppred
to the sphere centre position obtained by the first measurement

3.49
pre-definef path scanning
method of fcanning in which the motion of the probing system between two defined end poingts is
directed byla target scan line

[SOURCE: I§0 10360-1:2000, 7.5]
Note 1 to enffry: In this method of scanning, feedback frem the probing system is not used to direct the motion of

the probing §ystem.

4 Preliminary remarks

4.1 Influences on the measurement performance of the probing system

Measurement performance of.the probing system includes the machine tool characteristics over a
limited, small volume and@hall not be simply derived from the stand-alone probe specifications.

The main injffluences on’performance of probing systems of a machine tool are the following:

a) repeatdbility.of machine tool;

b) geometriehaccuracy of machine tool, i.e. positioning accuracy (including resolution, backlpsh),
straightness, roll, pitch, yaw error motion, squareness between axes, etc.;

c) contamination of surfaces being measured (detected);
d) probing error and repeatability of probing system, including probing-tool changing and relocation;
e) probing system qualification;

f) temperature influences on machine tool, probing system, artefact and workpiece/tool, including
drift of moving axes and spindles;

g) feed speed and accelerations during measurement;

h) standoff and overtravel distances;
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i) time delay and time delay variation between probing signal and read-out of machine tool
position transducers;

j) surface of workpiece/tool probed.

Workpiece probing repeatability shall be checked in accordance with the tests in 6.2; probing-tool
location repeatability shall be checked in accordance with the test in 6.4; tool setting repeatability shall
be checked in accordance with the tests in 7.3.

Testing for performance of workpiece probing system and geometric accuracy of the machine tool (in a
limited, small volume) is given in 6.5 and 6.6.

Testjng for time delay variation between probing signal and read-out of machine positiolfransducers
is giyen in 6.9; feature size measurement performance tests are given in 6.10.

Temperature influences are best observed using procedures given in 5.2 and in ISO'230-3.

4.2 | Measurement units

In this part of ISO 230, all linear dimensions and deviations are expressed in millimetres.All angular
dim¢nsions are expressed in degrees. Angular deviations are, in ¢principle, expressed in ratios but
in spme cases, microradians or arc-seconds may be used for cldrification purposes. The following
expijession should be used for conversion of the units of angular.deviations or tolerances:

,010/1 000 = 10 prad = 2”

4.3 | Reference to ISO 230-1

To apply this part of ISO 230, reference should:\bé made to ISO 230-1, especially for the ingtallation of
the machine before testing.

4.4 | Recommended instrumentation and test equipment

The |measuring instruments indicated in the tests described in the following clauses arfe examples
only|] Other instruments measuting the same quantities and having the same or smaller mpasurement
uncgrtainty may be used. Linear displacement sensors shall have a resolution of 0,001 mm ¢r better.

4.5 | 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 gccording to

" s 1.1 d=l L. b L 1.
the CUIIUTLIUILIS SPTCLINITU DY LT ITIdITUIdLTUIr 1 /SUpPpIIct.

4.6 Testing sequence

The sequence in which the tests are presented in this part of ISO 230 does not define the practical order
of testing. The tests described in Clauses 5, 6 and 7 may be performed either singly or in any combination.

4.7 Tests to be performed

When testing a machine, it is neither always necessary nor possible to carry out all the tests described in
this part of ISO 230. When the tests are required for acceptance purposes, it is up to the user to choose,
in agreement with the manufacturer/supplier, those tests which are of interest. These tests shall be
clearly stated when ordering a machine. Mere reference to this part of ISO 230 for the acceptance tests,
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without specifying the tests that shall be carried out, and without agreement on the relevant expenses,
cannot be considered binding for any contracting party.

4.8 Sources of test uncertainty

The tests described in this part of ISO 230 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 machine tool axis, the aim is to determine the repeatability of a specific machine tool
characteristic under specified repeated measurement conditions. It shall be con51dered that this part of

ISO 230 foc
system its
measurem

Valuable inf

The main d
are as folloj

— theunc
— the alig

— the fixt

f therefore consideration is made to estimate test uncertamty components rathér
nt uncertainty components as specified by ISO/TR 230-9.

formation may be gathered from ISO/TS 23165.

vs:
ertainty of the calibration of the reference artefact, i.e. testring or testsphere, where applic
nment of the reference ring(s), where applicable;

uring of the reference artefact, where applicable;

ontributors to the test uncertainty for probing system measurementerformance tests

hble;

— the compensation of thermally induced errors, when measuring at temperatures outside the

manufy

NOTE
orifno ¢
charact

— the env
respect
the maj

4.9 Repd

hufacturer’s/supplier’s environmental temperature guidelines.

rting of test results

Relevant parameters of the test §hall be reported, including the following:

a) identifi
b) identifi
c) identifi

d) identifi

cation of machinetool;
cation of medsuring software;
cationefiprobe/sensor;

cation of stylus system components and length;

cturer’s/supplier’s environmental temperature guidelines, performed in accordance with 5.1;

If tests are performed at temperatures complying with the manufacturer’s/supplier’s guiddlines
nvironmental temperature guidelines are givenf{the test results properly represent the metrolggical
ristics of the probing system under test; therefore, there is no contribution to the test uncertainty.

ironmental temperature variation etror (ETVE or drift) during the time of measurement,
ively the repeatability of the measurements due to the actual test environment exceeding

e) probes

witching force setting, where applicable;

f) position and orientation of the probe/sensor, if not fixed by design of the machine tool;

g) type, dimension and identification of artefact or tool measured;

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

i) feed speed during probe qualification and during test;

j) probing distance during probe qualification and during test;

k) probing points number and distribution;

1) programmed spindle speed, where applicable;

10
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m) relevant machine temperatures and ambient temperatures;

n) warm-up cycle.

5 Thermal influences

5.1

General

0:2016(E)

According to ISO 1, the reference temperature for industrial dimensional measurements is 20 °C;
therefore, the measuring instruments and the measured objects should be in equilibrium with the

envifonment where the temperature is kept at 20 °C. If the environment is at a temperaturg
20 °C, nominal differential thermal expansion (NDE) correction between the measurenient

the
used
mea

5.2
AnH

easured object shall be made to correct the results to correspond to 20 °C. Builtsin-NDE
for the normal operation of the machine tool, shall be used; additional NDE ceorrection

Environmental temperature variation error (ETVE) test

TVE test (as specified in ISO 230-3:2007, Clause 5) shall be conducted prior to the probs

» other than
system and
correction,
just for the

surements, shall not be used to correct the thermal distortions of machine position trapsducers.

b evaluation

test§. The duration of the ETVE test should be agreed on between the manufacturer/supplier and user
and phould 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 comparison.

The |manufacturer/supplier (of the machine tool or©fthe probing system) shall define the thermal
environment in which the specified probing system performance can be achieved. [It shall be
the |responsibility of the user to provide an’yacceptable thermal environment for the probing

oper
ma
acco

If pr

to an agreement between the manufacturer/supplier and the user.

The
char
peri

The

5.3

If th
effeq

ation. However, if the user follows the-guidelines provided by the probing syste
facturer/supplier, or if no guidelinestare provided, the responsibility for probing p
ding to the specification reverts to/the machine tool or probing system manufacturer

pbing capability is added to an existing machine, specification for thermal environmei

ETVE test shall be performed probing a sphere/a ring/a plane several times and ev3
ge of the sphere centre/circle centre coordinates or the plane location. The test shoul
bd that equates to.the nominal duration of the probing system tests.

presentation.of the results shall be in accordance with ISO 230-3:2007, 5.3.

Otherthermal distortion tests

b probing system is applied just after machining operations or between machining op¢
tsZof cooling of the machine tool, especially the machine tool spindle, shall be conside

m/machine
erformance
supplier.

it is subject

1luating the
[ld last for a

rations, the
red. In such

cases, a temperature variation error test shall be carried out after warming up of the main spindle
and/or machine tool axes, e.g. by performing movements of a typical machining operation prior to
measurements. The machine tool movements that shall be performed (for instance spindle 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 6 and 7 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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6 Probing of workpiece

6.1 General

Probes used on machining centres for the probing of workpiece are typically connected to the machine
tool spindle. For many probing applications, the centre of the stylus tip should be located on the spindle
axis average line in order to allow for proper identification of the workpiece coordinate system (WCS)
with respect 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 stylus tip to the spindle axis average line

1
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es not change during subsequent probing in order to avoid the stylus tip offset becom
fomponent of probing error.

st execution, stylus tip on-centre adjustment shall be performed acgording to
er’s/supplier’s instructions. The adjustment procedure shall be repeated whenever
m connection to the probe is altered. This includes disassembling and Te-assembling
tip as different assembling torques can possibly change the stylus tip.cenitre position.

tem qualification shall be performed according to the manufacturer’s/supplier’s instruct
repeated after stylus tip on-centre adjustment.

echnical literature sometimes refers to probing system-~qualification with the expreg
stem calibration”; this expression is not appropriate and should be avoided.

part of ISO 230 are presented assuming that the probing system is aligned with the mag
f motion and that the stylus tip centre is aligned'with the spindle axis average line, assu
ally parallel to the Z-axis of motion. For applications using tilting or indexing heads, foj
ition, probing system qualification shall be@erformed again. For such applications, u
b is recommended.

free, where applicable, to choose the location in which to mount the reference art
pecified measuring volume. Howeéver, the reference artefact shall not be placed at a locd
probing system qualification.

ce artefact should always/besmounted and clamped to ensure sufficient setup rigidity v
o the specific probing(system switching force, yet avoiding deformation of the arts
| probe switching fofce may vary from as little as 0,2 N for strain gauge switching pr
vtons for conventignal switching probes. Switching force for the Z-axis direction is typi
y higher than theX- and Y-axis direction switching force.

ing repeatability
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perform quick, simplified in-process measurements and measurement of the workpiece after machining,
but while still on the machine. Such systems usually provide information on the size and the location of
workpiece features, such as holes, bosses, web, pockets, corners and single-point surface measurements,
but they usually do not provide evaluation of form error of the measured workpiece feature.

Enhanced machine tool probing systems exist that offer complex measurement capabilities, such as
measurement of free-form deviation from the mathematical model. Other probing systems allow for the
implementation of measurement strategies that are typically available only on CMMs.

Probing repeatability should, in principle, be associated with every single measuring task that can be
performed by a specific probing system. This approach would lead to a significant testing effort that is
considered to be unjustified.
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A workpiece probing system is typically used for workpiece position and orientation measurements
aimed atlocatingthe WCSwithrespecttothe MCS, and for simple featurelocation 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 6.10.

6.2.2 Probing repeatability test for single-point surface measurement, Rsprx, Rspry and Rsprz
(RSingle_Poin"I‘,X,Y,Z)

It shhll be noted that single-point surface measurement is an extremely simplified measur{ng method.
The determination of the coordinates of a single point of a (flat) surface can be assumed to |ndividually
represent the (flat) surface itself only when the orientation and position of the surface with respect to
the elevant coordinate system are known.

6.2.2.2 Test setup and procedure

Seleft a test artefact (block) with at least three flat surfaces nominally square to each other. For
mosf applications, a standard gauge block, with side surfaces’ flatdess within 0,080 mm fis adequate
for this test.

NOT The test artefact referred to in 6.7.2 can also be suitable for this test.

Align the test artefact to the MCS in order to orient the three planes square to the X-, Y-[and Z-axis,
resplectively.

Acquire and record the X-axis coordinate of a cofitact point approaching the test artefact syrface in the
X-ax]is direction. Repeat the acquisition and the‘recording of the X-axis coordinate values nipe times for
a totjal of ten measurements.

Repe¢at the procedure for the Y-axis andfor the Z-axis.

6.2.2.3 Analysis of results

Comlpute Rsptx as the range.of recorded values for the X-axis coordinate.

Comppute Rspy as the Lange of recorded values for the Y-axis coordinate.

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

6.2. Probing repeatability test for circle centre location, Rcir x and Rcir,y (RCIRcle,XY)

6.2.3.1_“Test setup and procedure

Set up a reference ring with a bore diameter of approximately 25 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. Establish a
WCS datum point at the measured centre.

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

6.2.3.2 Analysis of results
Compute RcIr x as the range of recorded values for the X-axis coordinate of the centre.

Compute Rciry as the range of recorded values for the Y-axis coordinate of the centre.
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6.2.4 Probing repeatability test for sphere centre location, Rspy x, RspH,y and RspH,z (RsPHere, X,Y,7)

6.2.4.1 Testsetup and procedure

Set up a reference sphere with a nominal diameter of approximately 25 mm.

Measure the centre coordinates of the reference sphere by probing it with five points according to the
manufacturer’s/supplier’s instructions. Establish a WCS datum point at the measured centre of the
reference sphere.

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

6.2.4.2 A
Compute Rg
Compute Rg

Compute Rq

6.3 Stylu

halysis of results
pH,x as the range of recorded values for the X-axis coordinate of the sphere centre.
pH,y as the range of recorded values for the Y-axis coordinate of the spheré.centre.

pH,z as the range of recorded values for the Z-axis coordinate of the gsphere centre.

s tip offset test, A

6.3.1 General

Prior to tes
manufactuy

Some enha
If such perf

er’s/supplier’s instructions.

iced probing system allow for automatic detéction and compensation of stylus tip of
prmance exists, the relevant manufacturer’§/supplier’s procedure shall be executed bg

test executipn.

6.3.2 Test setup and procedure

Locate a re
reference rij
Z-axis of th

Centre the
displaceme

Measure th
sphere) by |

ference ring (or a reference _sphere) within the machine tool measuring volume. W
ng is being used, align it tosthe 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
t sensor and establish a WCS datum point at the identified centre.

e centre coordinates of the reference ring bore (or the centre of the equator of the refer
brobing it with four points. Repeat the measurement ten times, recording the centre X1

Y-axis coordlinates.

6.3.3 And

1lysis of results

L execution, the stylus tip shall be centred to the spindle axis average line according t¢ the

fset.
fore

en a
the

near

ence
and

Calculate Xp as the average of the ten measured X-axis coordinates and Yy as the average of the ten
measured Y-axis coordinates.

The offset, 4, of the stylus tip to the spindle axis average line, is given by Formula (1):

2 2
A= XZ+Y;

€y

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

NOTE Stylus tip offset determined by this procedure includes the probing error, Prry,2p (see 6.5).
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6.4 Probing-tool location repeatability test, Rpr1 x, RprLy and RprL,z (Rprobing-Tool_

Location,X,Y,Z)

6.4.1 General

The aim of this test is to evaluate the repeatability of the relocation of the probing tool with respect to

the MCS after a manual or an automatic tool change.

6.4.2 Testsetup and procedure

Set yp-areferencering-with-abore-diameterof-approximately2-mrand-algaittethe MCS in order

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

a) Measure the centre coordinates of the reference ring bore by probing it with four|points and
measure the reference ring top surface by single-point probing. Establish a WES datum|point at the
measured centre of the reference ring and at the measured reference ringtop surface.

b) Repeat the measurement, recording the bore centre X- and Y-axis_coordinates and the Z-axis
coordinate.

c) Remove and relocate the probing tool. If intended use foresees the.use of an automatic tdol changer,-
before the probe is returned to the spindle, the tool changer shall be indexed by at least ¢ne position
hnd returned in order to include the repeatability of this system.

d) Repeat the procedure nine times, starting from item b), in order to perform a fotal of ten
neasurements.

In spme high-speed milling applications, the tool\holder is not provided with driving dags. In such

appljcations, the relative angular position between the spindle and the probing tool is nof controlled.

It is fherefore recommended to complement item c) by subsequently incrementing the relative angular

posifion by approximately 15°.

A rdference sphere may be used instead of the reference ring, unless otherwise stdted by the

manpufacturer/supplier. When using areference sphere, the sphere shall be probed with five|points. The

WCY datum point shall be established at the measured centre of the sphere.

6.4.3 Analysis of results

Comppute RprL, x as the.fange of the recorded values of the X-axis coordinate of the bore cenfre.

Comlpute RprLy as‘the range of the recorded values of the Y-axis coordinate of the bore centye.

Comppute Rpprz(@s the range of the recorded values of the Z-axis coordinates of the top surfhce.

If a feferénce sphere is used, RprL, X, RpTLY and Rprr,z shall be computed as the range of tl
valupsofX, Y and Z coordinates of the sphere centre.

he recorded

6.5 2D probing error test, Prry2D (PForm_Tactile_Unique,2D)

6.5.1 General

The aim of this test is to evaluate the 2D probing error of a particular probing system by measuring a
reference ring calibrated for form. 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 system length and construction,
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d)
€)
f)
g)
h)
i)

therma

measurement feed speed,
approaching distance for measurement points,

probe qualification,

vibrations, and

| drifts.

variation of time delay between probing signal and read-out of machine tool position transducers,

NOTE S

Figure 4 sh

Relevant p4g

bme enhanced problng systems can apply software compensatlon 10 mInimize pre-travel varlaf
bws a representation of 2D probing error for a typical probing system.

rameters, such as probe switching force, stylus system component length‘and mat

compositiop (e.g. steel, ceramics, carbon fibre), measurement feed speed and approeaching dist

for measur]
parameters

The numbe
taking into
recommengd

ing points shall be conforming to the manufacturer’s/supplier’s specification. If
are not specified, the user shall select them according to the intended,use.

r of probing points shall be agreed on between the manufacturer/supplier and the
account the intended use and the capabilities of the probing)system. It is neverth
ed to acquire the coordinates of 36 points equally spaced alofig the ring circumference

6.5.2 Test setup and procedure

Set up a ref]
that the axi

Measure th
WCS datum|

Next, probe
equally spa
6.5.3 An:

The centre
algorithms
X-and Y- co
calculated 4

Calculate th

The probing

erence ring with a bore diameter of approximateli’25 mm and align it to the MCS in g
5 of the ring bore is parallel to the Z-axis of the thachine.

e centre coordinates of the reference ringyére by probing it with four points. Establ
point at the measured centre of the reference ring.

the reference ring in radial directions with the acquisition of the chosen number of p
ed along the ring circumference recording the X- and Y-axis coordinates of every single p|

1lysis of results

of the measured circle is computed using the manufacturer/supplier-recommel
(e.g. the least square-best fit). The coordinates of this centre shall be subtracted fron
ordinates of each point. For each of the measured points, radial distance, r, to the cent
s the square rootof the sum of the squares of these coordinate differences.

e probing.error, Prry,2p, as the range of the measured radial distances, rmax - 'min-

b errof, PETU,2D, can be represented on a polar plot (see Figure 4).
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6.6 | 3D probing error test, Prry 3p (PForm_Tactile_Unique,3D)

6.6.1 General

This|test is similar to the test specified in 6.5 but its aim is ta’test the performance of a pro
with 3D capabilities. The general information presented in.6.5.1 is also applicable, but th
artefact is a sphere calibrated for form.

Typikcal probing systems propose sphere measurement by a very limited number of pro

(usul

that

undg

The
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6.6.2

A re
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Figure 4 — Example of polar plot of Prry 2p values for a 36-point test

plly four or five points). Although intended dise shall be taken into due account, it is
the execution of the test described in this‘clause can provide valuable information
brstanding of the probing system performance.

ng into account the intended uSe;and the capabilities of the probing system. It is n
immended to acquire the coordinates of 25 points approximately evenly distributed oV
isphere of the test sphere,

. Test setup and precedure

ference sphere with a nominal diameter of approximately 25 mm shall be used. The
ence sphere shall'be calibrated, since the form error influences the test results, and sh
account for pfoving conformance or non-conformance with the specifications.

sure thexcentre coordinates of the reference sphere by probing it with five points. Estal
m point at the measured centre of the reference sphere.

bing system
e reference

bing points
considered
for a better

number of probing points shall beagreed on between the manufacturer/supplier and the user,

evertheless
er at least a

form of the
all be taken

blish a WCS

e the reference QphPT‘P in 3D radial vector directions with the acquisition of the cho

fen 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)
‘)
d)
e)

four points (equally spaced) 22,5° below the pole;

eight points (equally spaced) 45° below the pole and rotated 22,5° relative to the previous group;

four points (equally spaced) 67,5° below the pole and rotated 22,5° relative to the previous group;

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

the previous group.
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The number of probing points and the recommended target positions have been selected for
compatibility with ISO 10360-5:2010, 6.2. For some applications, this test may be performed by probing
48 points, approximately evenly distributed over at least a hemisphere of the test sphere.

22.5°

-—

Key
1 pole

Figure 5 — 3D target,contact points for 3D probing error test Prry,3p

6.6.3 Analysis of test results

Using all ayailable 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, t¢ the
centre is cajculatéd as the square root of the sum of the squares of these coordinate differences.

Calculate theprobingerrorfrr U.3D as threrangeof radiatdistances ramx=mm

6.7 Workpiece position and orientation tests, Epj.A 7, ELINY, Ecorx, Ecory and Ecorz (E
PLAne,Z); (E LINe,Y); (E CORner coordinates,X,Y,Z)

6.7.1 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.
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Best practice suggests that the proper identification of the WCS with respect to the MCS is performed in
the following sequence:

a) identification of the WCS reference plane;
b) identification of the WCS orientation in the reference plane;
c) definition of the WCS datum point.

If some steps of the suggested sequence are not performed (sometimes justified by projected time
saving), assumptions are made that (if not corresponding to the real situation) can result in improper
WCS identification

6.7.1.1 Identification of the WCS reference plane

On g machining centre, the workpiece is connected to the machine tool table (or conhected o a support
whigh is connected to the machine table).

There would be no need to identify the WCS reference plane (assumed to belparallel to the XY plane) if
it cah be assumed that

a) he 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),

b) the bottom surface of the workpiece is parallel to its refexence surface, and

c) thereareno disturbing elements (e.g. scratches, dirt, residual chips, etc.) influencing the connection
between the workpiece and the table (or support):

When some of these conditions are not fulfilled; it can be advantageous to measure thg workpiece
refefence plane in order to identify it, as an alternative to physically adjusting the workpiege itself.

Typikal probing systems allow for measurement of a (nominally flat) workpiece reference surface by
proling three points. Other sophisticatéd probing systems can offer the option to define th¢ workpiece
reference surface by multiple probing en a (known) surface, comparing the measured surface points to
the mathematical model for the surface and applying best-fit strategies.

6.7.1.2 Identification of the' WCS orientation in the reference plane

Typikal probing systenis-allow for alignment of the WCS orientation in the reference plane|by defining
a ling passing through-fwo measured points on a (nominally) flat surface or passing through the centre
coorldinates of twd\cylindrical or spherical workpiece features.

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

6.7.1.3 Location of the WCS datum point

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

a) setting of individual axes datum points by probing a point on a plane;

b) setting of the X- and Y-axis datum point on the corner between two planes or on the centre of a
hole or boss;

c) 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.
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6.7.1.4 Influence of probing system characteristics on workpiece coordinate system (WCS)
identification

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

a) probing system repeatability (see 6.2),

b) stylus tip offset error with respect to the spindle axis average line (see 6.3),

c) probing-tool location repeatability (see 6.4),

d) pI’Obil’lE CIrToT (acc t-5and 66),
e) effective stylus tip diameter (see 6.10),

f) wvariatipn of time delay between probing signal and read-out of machine, tool posjtion
transdyicers (see 6.9),

g) probe qualification, and
h) thermal drifts.

Table 1 presents a simplified representation of the influence of main characteristics on some common
measuring tasks to possibly help define probing strategies.

NOTE1 Pfobing repeatability, variation of time delay, probe qualification and thermal drifts are not listed in
Table 1 becafise, in practical terms, they influence all measuring tasks:

NOTE 2  Blank cells denote a very weak or insignificant influence of the specific characteristic or the
measuring task.

NOTE3  Apsumption is made that WCS identification precedure is performed without intermediate proping-
tool changes

Table 1 — Simplified representation of the influence of probing system
characteristics on measuring tasks

Stylus tip Probing-tool Probing Effective
Measuring task offseta location errorec stylus tip|di-
repeatabilityb ameterfl

Single point|surface detection strong X, Y strong strong X, Y strong
Angle of XY feference plane
Angle of a lifie by two pdjnts
Angle of a li‘le passing through two centres
Location of ¢ lin€ By two points strong X, Y strong strong strong
Location of & cerner on a plane strong X, Y strong X, Y strong strong
Location of a corner as intersection of three strong X, Y strong strong strong
planes
Centre location for a hole or boss strong X, Y strong medium
Centre location of a sphere strong X, Y strong medium
a  Seeb.3.
b See6.4.
¢ See6.5and 6.6.
d  See 6.10.

6.7.1.4.2 Analysis of Table 1 and good practice would suggest the following:
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a) identification of the WCS reference plane by probing a minimum of three points on a workpiece plane;

b) 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;

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

d) definition of the WCS Z-axis datum point as the average of repeated single axis measurements (thus
minimizing the effect of stylus tip alignment, probing-tool location repeatability and pre-travel
variation that is virtually insignificant for the Z direction).

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

6.7.2 Testsetup

Seleft a test artefact similar to the one depicted in Figure 6. The proposed artefact has 4
with a side length of approximately 50 mm. The bore has a diameter of appreximately 25 m
B and D should preferably be ground and the geometrical characteristics-of the test artefa
knoyn from previous measurement, e.g. on a CMM.

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

Position the test artefact in a workpiece-representative posifion within the machine tool
volume and mount it deliberately skewed by approximately 1° in three directions with respecf

SomgE probing systems only offer an alignment capability in the XY plane. In such cases, the
shal] be mounted with its top plane A parallel to thehiachine tool XY plane and one of its
alignment with respect to the MCS by approximately 1°. In this case, step a) 1) of the tes
giveh in 6.7.3 shall not be executed.

is used, no

cubic form
m. Planes A,
't should be

brformance.

measuring
to the MCS.

est artefact
sides out of
[ procedure
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1to7 meaguring points for WCS position and orientation verification

6.7.3 Test procedure

Dimensions in millimetres

YWCS

Zyics X
~ wCS
[~ —
Ywes D
Xwes

plang A
plang B
bore|C

plang D
Line|L.

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)

22

Phase 1: WCS orientation and position identification.
1) Set{the WCSweference plane by probing the test artefact plane A (see Figure 6).

2) Setjtheforientation of the WCS in the reference plane by probing line L on the test artefact glane
B (§ee’Figure 6).

NOTE1 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- and Y-axis datum point by probing the bore C (see Figure 6).
4) Setagain the WCS X- and Y-axis datum point by probing the bore C.

NOTE 2  This repeated operation is needed to minimize the effect of time delay between probing signal
and read-out of machine tool position transducers (see 6.9).

NOTE 3  Best practice would suggest 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 (Zppa) of four points by probing plane A in 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 (Y1 iN) of two points by probing the test artefact
plane B in the Y-axis direction at coordinates: X-20, Z-10; X20, Z-10 (points 5 and 6 in Figure 6).

3) Measure and record the X- and Y-axis coordinates (Xgop, Ypop) of the bore C centre according
to the probing system manufacturer’s/supplier’s instructions.

1) Measure and record a corner X-, Y- and Z-axis coordinates (Xcor, Ycor, Zcor) by-probing a single
point on each of the three D, B and A planes respectively (points 7, 6 and 4in-Figurg 6).

6.7.4 Analysis of results
Calcplate the WCS reference plane identification error, Epy.a,z, as the range’of the recorded Zpy. A values.
NOTE EpLa,z includes reference plane flatness error.

Calcplate the orientation of the WCS in the reference plane idefitification error, E Ny, as the difference
between the recorded Y},iN coordinate values.

Calcplate the corner location errors, Ecor,x, Ecor,y and Eg¢or,z, as the difference between the recorded
XcoR, Ycor, Zcor corner coordinates and the corner.egerdinates known from previous mgasurement,
e.g. CMM measurement.

6.7.5 Alternative workpiece position and orientation test

6.7.5.1 Test setup and procedure

The workpiece position and orientation test may also be performed using a standard gauge block with
a calibrated length of approximately 50 mm (see Figure 7). This alternative test determirjes the WCS
datym point on a corner of the gauge block. Therefore, it does not evaluate the corner locgtion errors,
Ecod,x, Ecoryy and Ecor,z,-Furthermore, there may be a difference in the error of identificafion of WCS
X- apd Y-axis datum peiht'on the corner compared to the one corresponding to the WCF datum on
the gentre of the borelint the previous test (see 6.7.2). This is due to the contribution of the effective
stylus tip diameter erfor to the error of identification of the WCS datum point on the corrner whereas

Position—the-gauge blockin—aworkpiece representative positionwithin-the machine measuring
volume and mount it deliberately skewed by approximately 1° in three directions with respect to the MCS.

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).

NOTE1 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) Setagain the WCS X-, Y- and Z-axis datum point at the front right top corner.

NOTE 2 __This repeated operation is needed to minimize the effect of time delay between probing signal

and readl-out of machine tool position transducers (see 6.9).

NOTE 3
D and u$ing the intersection point as the WCS X-, Y- and Z-axis datum point.
Phase 4: WCS position and orientation verification.

1) Acquire and record the Z-axis coordinates, Zpra, of four points by probing plane A iy
is direction at the following coordinates: X-5,Y5; X-30,Y5; X-30,Y45;-X-5,Y45 (points 1
igure 7).

2) Acquire and record the Y-axis coordinates, Y1,|n, of two points by’probing the gauge block p

3) Mehpsure and record the front right top corner X-, Y- and\Z-axis coordinates, Xcor, YcoR, 4

Best practice would suggest probing plane B and plane D by n points, intersecting planes A, B and

the
to 4

lane

[COR,

by probing a single point on each of the three A, B and D' planes respectively (points 7, 6 and 1

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

Dimensions in millim|
Zyycs

etres

Zyics
Ywes
Xwes
plane A
plane B
plane D
Line L.

1 to 7 measuring points for WCS position and orientation verification
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Figure 7 — Alternative WCS position and orientation test using a gauge block
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6.7.5.2 Analysis of results

Calculate the WCS reference plane identification error, Epp 5,7z, as the range of the recorded Zpy 5 values.

NOTE

EpLa,z includes reference plane flatness error.

Calculate the orientation of WCS in the reference plane identification error, EL Ny, as the difference
between the recorded Y1 coordinate values.

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

Half|
of t

The

corny

6.8
Rcm

6.8.

For
mac

A pr
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X- a
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It sh

1

p
[V 4

of the EgsTy value can be estimated to be the additional contribution to the error of-id
e WCS datum point of the X- and Y-axes.

corner location errors, Ecor,x, Ecoryy and Ecor,z, are reported as the recorded”Xcor
er coordinates.

Combined workpiece machining and location test, EcmLx, EcMmt,y, EcMmL,z, Rc
LY and RCML,Z (E Combined Machining and Location, X,Y,Z); (R Combined-Machining and Locati

General

some applications, workpiece position and orientation ‘are measured to identify
hined elements on the workpiece, in order to refer subséquent machining operations to

hctical test to compare actual machining to actual @easurement requires machining a
br face on a test part and their measurement with the probing system: the measured
hd Y-axis coordinates should correspond to-the programmed bore centre coordina
sured upper face Z-axis coordinate should cerrespond to the programmed Z-axis coord

b1l be considered that such a test is additionally influenced by
machined surface finish,

milling tool length setting,

probing-tool length setting, and

machine thermal dfift{e.g. spindle thermal drift).

Test setup'and procedure
Phase 1;4machining.

1) «Rigidly mount a test part of at least 25 mm in thickness to the machine table in pre
machining. The part material shall be agreed on between manufacturer/supplier

entification

Ycor, Zcor

ML,X»
n, X,YZ)

previously
them.

bore and an
bore centre
tes and the
inate.

baration for
and user or

2)

3)

b)

Shatt Tepresent intended UsE-

A high-quality bore of approximately 25 mm in diameter shall be machined with a surface

finish better than the probing system repeatability specification. A pre-drilling of a hole
1,25 mm undersized, followed by a pre-boring 0,2 mm undersized is recommended.

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

Phase 2: testing.

1) Mount the pre-qualified probing tool on the spindle.

a spot, with

2) Measure the bore centre using the manufacturer/supplier-recommended measuring cycle and

record the X- and Y-axis bore centre coordinates, Xgor and Ygor.
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3) Measure the faced surface using the measuring cycle recommended by the
manufacturer/supplier and record the milled surface Z-axis coordinate, Zpy,a.

4) Perform the standard probing-tool change procedure and repeat this testing procedure
nine times starting from item b) 2) to acquire a total of ten sets of Xgor, YBor and Zppa
measured coordinates.

If intended use foresees the use of an automatic tool changer, before the probe is returned to
the spindle, the tool changer should be indexed at least one position and returned in order to
include the repeatability of this system.

I ahi cnoaad-milling annlicat: thatoal balda ot-nrawded—anth-di o da I
n yome “16“ SptTtT llllllllls ul_ll_lAl\.u\,AUAAo, tHeto 0o er15SHot l,ll\.lv e Wiern—atrv- 1116 ©68S. 1N

sudh applications, the relative angular position between the spindle and the probing todlis not
corftrolled. It is therefore recommended to complement this item by subsequently incfementing
the relative probing-tool angular position by approximately 15°.

6.8.3 Angilysis of results

Calculate the combined X-axis machining and location error, EcMmL x, by subtracting the average of the
recorded Xgor coordinates to the programmed bore coordinate.

Calculate thHe combined X-axis machining and location repeatability, Rcmy, x-as the range of the recofded
XBor coordinates.

Calculate thje combined Y-axis machining and location error, Ecmyy, by subtracting the average of the
recorded Ygor coordinates to the programmed bore coordinatet

Calculate tHe combined Y-axis machining and location repeatability, RcmL y, as the range of the recofded
YBor coordinates.

Calculate the combined Z-axis machining and location' error, EcMmL,z, by subtracting the average of the
recorded Zg1,A coordinates to the programmed coordinate.

Calculate tHe combined Z-axis machining and1ocation repeatability, RcmL,z, as the range of the recopded
ZpLA coordipates.

6.9 Timge delay variation tests

6.9.1 General

Probing syqtems for machine tools are expected to be sensitive to stylus tip deflection resulting from
a surface cpntact and,.at the same time, insensitive to stylus tip deflection resulting from madhine
tool vibratipn. These conflicting functional specifications are dealt with in different ways depending
on probe-specific'switching technology (electrical circuit breakage, strain gauge, etc.) and depen/ding

y
to store the machine tool position transducer read-out whereas other CNC architectures acquire such
data within the programmable logic controller (PLC) control loop cycle.

NOTE1 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.

NOTE 2  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 may vary as a function of the
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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 might lead to different time delays

that,

NOTE 3

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

As the position of the workpiece feature being measured is unknown, the approachi

ng direction

applied for circle and sphere measurement is not exactly normal to the surface being measured (detected);
thus time delay variation test results also include possible residual errors resulting from the effective stylus tip
diameter compensation strategy applied by the probing system software.

The

tests described in this clause are needed only for general performance characterization

fparticular

prok
reve

6.9.2

Delay

6.9.
a)

b)

‘)
d)

e)

f)

g)
h)

i)

j)

k)

ing systems and do not necessarily need to be repeated during probing system;p
rification tests unless the measurement feed speed is changed.

. Time delay variation test for individual axes, EsprTpx, ESPTTD,Y, ESPTTD;Z(ESingle-

variation, X,Y,Z)

2.1 Test setup and procedure

Position the gauge block described in 6.7.5, Figure 7, and align it to the MCS in order t
three planes square to the X-, Y- and Z-axes, respectively.

Set the WCS X-, Y- and Z-axis datum point at the front right-hand top corner (see F|
probing a single point on each of the three D, B and A planes, respectively.

Acquire and record the Xspr1p coordinate valueby probing a single point in the X-negatiy

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

Repeat the procedure starting front’item d) in order to acquire and record a total of]
Coordinate values.

Sequentially position the machine axes to Y-5, Z-4 and X-5 (in front of point 6 in Figure
Acquire and record the,YsprTp coordinate value by probing a single point in the Y-positiy

Position the machin€ axis, decrementing the previous Y-axis position by 0,010 mm (e.g
Fepetition, the(YsaXis shall be positioned at Y-5, 010).

Repeat the\procedure, starting from item h) in order to acquire and record a total of]
roordinate’values.

Sequentially position the machine axes to X5, Y5 and Z-4 (in front of point 7 in Figure 7).

Sequentially position the machine axes to Z5, X-5 and Y5 (in front of point 4 in Figure 7].

erformance

PoinT, Time

p orient the

igure 7) by

re direction.

at the first

ten Xsp1TD

).
e direction.

at the first

ten YsprTD

repetition, the Z-axis shall be positioned at Z5, 010).

coordinate values.

6.9.2.2 Analysis of results

Acquire and record the ZsptTp coordinate value by probing a single pointin the Z-negative direction.

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

Repeat the procedure, starting from item 1) in order to acquire and record a total of ten ZsptTp

Calculate the single axis time delay variation error, Esptrp X, as the range of the measured Xspr1p values.

NOTE 1
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Calculate the single axis time delay variation error, EsptTp,y, as the range of the measured Ysprp values.
NOTE 2  Rspry repeatability for single-point surface measurement tested in 6.2.2 is included in EsptTp Y.

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

NOTE 3

Rspr,z repeatability for single-point surface measurement tested in 6.2.2 is included in EspTTD,Z.

6.9.3 Time delay variation test for XY plane circle measurement, Ecir tp x, EcIR TD,Y, ECIR TD,D
and ECIR,TD,F (ECIRcle, Time Delay variation, X,Y): (ECIRcle, Time Delay variation, Diameter) and (ECIRcle, Time Delay
variation, Form)

6.9.3.1 Gepneral

This test defermines the ability of the probing system to measure the correct diameter and-pdsition of a

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

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

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

and form efror, F, it is recommended that this test be performed using 36‘points as defined ir} the

2D probing|error test, Prry,2p (see 6.5). This test is particularly useful for ihdicating the system 2D
performande where the feature location is unknown (e.g. when locatinga part).

6.9.3.2 Testsetup and procedure

a) Setup preference ring with a bore diameter of approximately 25 mm, calibrated for dianeter
and fonym, and align it to the MCS in order that the axi§ of the ring bore is parallel to the Z{axis
of the thachine.

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

c) Measulfe and record the centre coordinatés, Xcirtp and YcirTp, of the reference ring ang its
diameter, D, and (for tests using 36 probing points) its form error, F.

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 generfated
assumihg that the ring is located at the new offset position.

6.9.3.3 Apalysis of results

All calculatjons shall include the reference measurement results.

Calculate the X-axisstime delay variation error Ecirp,x for circle centre location as the range of the

measured XcirapValues.

NOTE 1

Calculate the Y-axis time delay variation error EcirTp,y for circle centre location as the range of the
measured Y¢ir Tp values.

NOTE 2

Rcir,y repeatability for circle centre location tested in 6.2.3 is included in Ecir D,y

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

NOTE 3

28

Rcir,p repeatability for the circle diameter measurement tested in 6.10.3 is included in EcIr TD,D.
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For tests using 36 probing points, calculate the time delay variation error, Ecirp,F for circle form
error measurement as the range of the measured form values, F, and also report Ecir,Tp,FMAX as the
maximum measured F value.

NOTE 4  The Pgry,2p 2D probing error tested in 6.5.3 is included in E¢ir,TD,F,MAX-

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

Nominal centre coordinates with respect to the coordinates of the reference position
Measurement
mm
number
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.
6.9.4 Time delay variation test for sphere measurement, Espy tp,x, EspH,TD,Y, ESPH,TD,2,| ESPH, TD,D
and E'SPH,TD,F (ESPHere, Time Delay variation, X,Y,Z): (ESPHere, Time Delay variation, Diameter) and (EspHd re, Time Delay

variation, Form)

6.9.4.1 General

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

In advanced systems that are able to calculate sphere features from 25 points such as centie, diameter
and [form error, F, it-is recommended that this test be performed using 25 points as defined in the
3D probing erroptest, Prry,3p (see 6.6). This test is particularly useful for indicating thg system 3D
perfprmance where the feature location is unknown (e.g. when locating a part).

6.9.4.2 , \Test setup and procedure

diametér and form,

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.

c) Measure and record the centre coordinates, Xspyp, Yspu,rp and Zspyp, of the sphere and its
diameter, D, and (for tests using 25 probing points) its form error, F.

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.
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6.9.4.3 Analysis of results
All calculations shall include the reference measurement results.

Calculate the X-axis time delay variation error, Espyp,x, for sphere centre location as the range of the
measured Xspy Tp values.

NOTE1  Rsphx repeatability for sphere centre location tested in 6.2.4 is included in EspyTD,X-

Calculate the Y-axis time delay variation error, Espy Tp,y, for sphere centre location as the range of the
measured Yspy p values.

NOTE 2  Rppn,y repeatability for sphere centre location tested in 6.2.4 is included in Espy,Tp,y-

Calculate tle Z-axis time delay variation error, Espyp,z, for sphere centre location as the range of the
measured Zspy,Tp values.

NOTE 3  RppH,z repeatability for sphere centre location tested in 6.2.4 is included in Espy 10,7}

Calculate tHe time delay variation error, Espy Tp,p, for sphere diameter measurementas the range of the
measured I} values.

NOTE 4  RppH,p repeatability for sphere diameter measurement tested in 6.10.4s'included in EspH Tp,D.

For tests u§ing 25 probing points, calculate the time delay variatioiherror, Espyp,F, for sphere form
error measfirement as the range of the measured form values F.ard also report Espy,rp,rMAX a$ the
maximum rheasured F value.

NOTES5  The Prry,3p 3D probing error tested in 6.6.3 is included it EspH,TD,F,MAX-

Table B — X-, Y- and Z-axis offsets for time delay’variation test for sphere measurement

Nominal centre coordinates withrespect to the coordinates of the reference positipn
Measurement
mm
number
X Y Z

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 =0193 0,230 0,150
NOTE Nominal centre positions in this table represent a 0,3 mm radius circular pattern in the XY plane with 40°
increments. This consists of three groups of three points, each at a different Z height, and with 120° increments in the XY
plane.

6.10 Feature size measurement performance tests

6.10.1 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
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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.

NOTE1 Measurements for distance between two flat and parallel surfaces and measurement for circle and
sphere diameters are strongly influenced by the effective stylus tip diameter determined by probing system
qualification.

NOTE 2  Measurements performed at different locations within the machine tool measuring volume might
produce different results, e.g. due to geometric errors of the machine tool.

[aY XAL~) - g £ . g hm] hml D. 1 D
6.102—Websizemreasurenrent performmance test; CWEB,X, LWEB,Y, RWEB,X alTd RWEB,Y

6.10.2.1 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-fwo probed p¢ints.

6.1(.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 block length, Sy, ten timesising the probing system built-in cycle
c) Align 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 buil{-in cycle.

6.10.2.3 Analysis of results

Comlpute the error for web size measurement along the X-axis, Ewgg x, as the average of the|differences
between the recorded Sx values and the:gauge-block calibrated length.

Compute the repeatability for web.size measurement along the X-axis, Rwgp,x, as the rpnge of the
recopded Sx values.

Comppute the error for web, size measurement along the Y-axis, Ewgp)y, as the average of the|differences
between the recorded $yvalues and the gauge-block calibrated length.

ComEute the repeatability for web size measurement along the Y-axis, Rwgp,y, as the range of the
recojrded Sy valués.

6.10.3 Cirele"diameter measurement performance test, Ecir p and Rcir,p (EciRcle, Diametdr) and
(RCI cley Diameter)

6.10.3.1 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.

The number of points selected for the execution of this test shall be in accordance with the
manufacturer’s/supplier’s instructions, but intended use shall be considered.

6.10.3.2 Test setup and procedure

a) Setup areference ring with a bore diameter of approximately 25 mm, calibrated for diameter
and form, and align it to the MCS in order that the axis of the ring bore is parallel to the Z-axis
of the machine.
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b) Measure the centre coordinates of the reference ring bore once. Establish a WCS datum point at the
measured centre of the reference ring.

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

6.10.3.3 Analysis of results

Compute the error for circle diameter measurement, Ecir p, as the average of the differences between
the recorded D values and the reference ring calibrated diameter.

Compute the repeatability for circle diameter measurement, Rcr p, as the range of the recorded D values.

6.10.4 Sphere diameter measurement performance test, Espy,p and Rspy,p (EspHere, Diameter) dand
(RSPHere, Did meter)

6.10.4.1 Gpgneral

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) presenice of contaminatign on
the probed purface strongly influences the centre location and diameter measurements.

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

6.10.4.2 Test setup and procedure

a) Position a reference sphere of approximately 25 mm in<diameter, calibrated for size and form|in a
workpipce representative position within the machine'tool measuring volume.

b) Measurje the centre coordinates of the reference Sphere once. Establish a WCS datum point af the
measuied centre of the reference sphere.

c) Measuile and record the sphere diameter; Dy ten times, probing it with the selected number of pdints.

6.10.4.3 Apalysis of results

Compute thg error for sphere diametér measurement, Espy,p, as the average of the differences betyeen
the recorded D values and the reference sphere calibrated diameter.

Compute the repeatability fer’sphere diameter measurement, Rspy,p, as the range of the recorded D values.

7 Probing of tools

7.1 Gendral

Some machine tools are equipped with a sensor/probe system designed to set, under machine control,
the length and/or diameter of a variety of rotating tools. Such tool setting systems are also sometimes
used to reference the X-, Y- and Z-position of a non-rotating, geometrically accurate tool (e.g. a solid
cylinder) or to detect broken tools.

In machining centre applications, tool setting systems are typically located near the edges of the
machine working volume (or near the tool changer) and they are rigidly mounted in order to minimize
deflection when submitted to typical switching forces of some newtons.

NOTE Some special-purpose tool-setting systems used for length setting of very small diameter tools have
very limited switching forces.

Typical styli of tool-setting systems have a cylindrical or prismatic shape (see Figure 8) and their
surface is wear-resistant.
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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’s/supplier’s instructions.

Operation of the tool-setting system shall strictly conform to the manufacturer’s/supplier’s instructions.
Additional attention shall be devoted to safety during measurement with rotating tools.

1 1
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a) [fool-setting system with cylindrical shape b) Tool-setting system with prismagic shape

Key
Feference tool

Hisk type stylus tip
square type stylus tip

—-—- machine tool movements

Figure 8 — Sample qualification cyclesfor tool-setting system using a reference¢ tool

7.2 | Tool-setting system qualification

Qualification of tool-setting systems-is normally performed using a reference artefact rgpresenting
the qutting tool (e.g. a solid cylinder, calibrated for diameter and length) applying an automatic built-in
cycle¢ aimed at defining

a) ptylus tip effective sizéy and
b) ptylus tip locationwith respect to the MCS.

Spedial care shall’be devoted to the determination of the effective distance between the ool-setting
system stylusy'and the spindle reference surface, as specified by the manufactureris/supplier’s
instructions.

To determine such distance, an independent calibration of the length of the reference tool fis required.
Thic Cpnv'ﬁ'inn icindicnancahla tn ehRsSUFe toollanath cotting narfarmanca ’)Y\‘I'] Hic tyuynica ly executed
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either by using an external tool-setting equipment or by measuring (directly on the machine tool) the
distance between the spindle reference surface and the most protruding part of the reference tool with
the help of a linear displacement sensor, taking the Z-axis displayed movement as the reference.

7.3 Tool-setting repeatability

7.3.1 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.
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Some machines have a manual or robotic system to move the tool probe into the machine workspace.
When testing these machines, 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.

7.3.2 Tool length-setting repeatability with a non-rotating tool, Rsgt1, N (RSETting Length,Non-rotating)

7.3.2.1 General

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

Some systdms 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. Seqd the
manufacturer’s/supplier’s instructions.

7.3.2.2 Test setup and procedure

Position th¢ spindle axis over the sensor/probe, programming (where applicable) the required offset
(see Figure9).
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Figure 9 — Teol-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, RsgT L N, as the range of the recorded L values.

7.3.3 Tool length-setting repeatability of a rotating tool, Rsgt,L,R (RSETting Length,Rotating)

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’s/supplier’s instructions (see Figure 10).

Tool rotation shall be in the opposite direction to normal cutting rotation.
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SAFETY PRECAUTIONS — Measurements with rotating tool involve safety issues. Attention
should be paid to relevant safety standards.

Measure and record the tool length, L, ten times, using the cycle provided by the manufacturer/supplier.

Compute the tool-length setting repeatability, RsgT L, R, as the range of the recorded L values.
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Figure 10 — Measurement of tool length-sétting repeatability of a rotating tgol

7.3.4 Tool diameter setting repeatability, RSgT,p,R (RSETting,Diameter;Rotating)

Tool| rotation shall be in the opposite direction to normal cutting rotation. Measureme¢nt shall be
perfprmed in accordance with the manufacturer’s/supplier’s instructions (see Figure 11).

SAFETY PRECAUTIONS — Measurements with rotating tool involve safety issues| Attention
shotld be paid to relevant safety standards.
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Figure 11 — Measurement of tool diameter setting repeatability of a rotating tool

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) maximum tangential speed shall be defined by the manufacturer/supplier; an excessive tangential
speed can deteriorate the performances of the probe/sensor;
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