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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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F[governmentat, In_liaison with 150, also take part In the Work. SO collaborates close
rnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

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

10360-2 was prepared by Technical Committee ISO/TC,243, Dimensional and geometr
Cifications and verification.

third edition cancels and replaces the second edition (ISO 10360-2:2001), which has been
5ed.

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

Part 1: Vocabulary

Part 2: CMMSs used for measuring finear dimensions

Part 3: CMMs with the axis. of a rotary table as the fourth axis

Part 4: CMMs used in.scanning measuring mode

Part 5: CMMs using single and multiple stylus contacting probing systems
Part 6: Estimation of errors in computing Gaussian associated features

Part 7~CMMs equipped with imaging probing systems

y with the

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

Standards

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

ct of patent

cal product

technically

s (GPS) —
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Introduction

This part of 1ISO 10360 is a geometrical product specification (GPS) standard and is to be regarded as a
general GPS standard (see ISO/TR 14638). It influences link 5 of the chains of standards on size, distance,
radius, angle, form, orientation, location, run-out and datums. For more detailed information of the relation of

this part of ISO 10360 to other standards and the GPS matrix model, see Annex F.

he error of indication of a calibrated test length using a probing system without any ram.axis stylus

The tests of this part of ISO 10360 have three technical objectives:

1) totest
tip offset;

2) to test the error of indication of a calibrated test length using a probing system with(a-specified ram faxis
stylus tjip offset; and

3) to test the repeatability of measuring a calibrated test length.

The benefitp of these tests are that the measured result has a direct traceability to the unit length, the metre,

and that it ¢
Clause 3 off

The reviseo

because th¢ symbols used have been revised and expanded for clarification.

ives information on how the CMM will perform on similar length measurements.

this part of ISO 10360 contains definitions that supersede similar definitions in ISO 10360-1:2000.

definitions are required to avoid an ambiguity that\would otherwise have been introduced with|this
issue of ISP 10360-2. Also, definition 3.6 supersedes effectively an identical definition in ISO 10360-1:4000

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

Part 2:
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reqdirements, rules for proving~conformance, and applications for which the acceptance and r
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CMMs used for measuring linear dimensions

Scope

part of ISO 10360 specifies the acceptance tests for verifying the performance of a coordinate
hine (CMM) used for measuring linear dimensions as stated by the ‘manufacturer. It also |
rification tests that enable the user to periodically reverify the performance of the CMM.

acceptance and reverification tests given in this part of ISO/10360 are applicable only to Cartg
g contacting probing systems of any type operating in the-discrete-point probing mode.

part of ISO 10360 does not explicitly apply to:

mutual agreement;

CMMs using optical probing; however,xparties may apply this approach to optical CMMs
agreement.

part of ISO 10360 specifies performance requirements that can be assigned by the manufag
- of a CMM, the manner of execution of the acceptance and reverification tests to demonstrat

5 can be used.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
iment (including any amendments) applies.

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

measuring
pecifies the

sian CMMs

non-Cartesian CMMs; however, parties may apply this part of ISO 10360 to non-Cartesiapn CMMs by

by mutual

turer or the
b the stated
bverification

For dated
referenced

n tests for

COO

hadinatao maoacirinag machinace (CAIA) Paort 1:- \/ocahilarn,
GHAAHO-FHREaStHHAG-HRAGHHAOS{oivitvr) TcHt—T—Y-OGaothat

P4

ISO 14253-1:1998, Geometrical Product Specifications (GPS) — Inspection by measurement of workpieces
and measuring equipment — Part 1: Decision rules for proving conformance or non-conformance with
specifications

ISO 14660-1:1999, Geometrical Product Specifications (GPS) — Geometrical features — Part 1: General
terms and definitions

ISO/TS 23165:2006, Geometrical product specifications (GPS) — Guidelines for the evaluation of coordinate
measuring machine (CMM) test uncertainty

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

For the purposes of this document, the terms and definitions given in ISO 10360-1, ISO 14253-1, ISO 14660-1,
ISO/TS 23165, ISO/IEC Guide 99 and the following apply.

3.1

ram axis stylus tip offset

L

distance (orthogonal to the ram axis) between the stylus tip and a reference point

NOTE 1 The reference point is defined by the manufacturer. If no manufacturer-defined reference point is known, the
user choose$ a reference point close to the probe system mount.

NOTE 2  The reference point is usually in or near the probe system.

Figure 1 — Examples of the ram axis stylus tip offset in the case of an articulated probing system

3.2

coefficient of thermal expansion

CTE

o

linear thermal expansion coefficient of a material at 20 °C

2 © 1SO 2009 - All rights reserved
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3.3

ISO 10360

normal CTE material
material with a CTE between 8 x 10-6/°C and 13 x 10-8/°C

3.4

length measurement error

Eg

-2:2009(E)

error of indication when measuring a calibrated test length using a CMM with a ram axis stylus tip offset of L,
using a single probing point (or equivalent) at each end of the calibrated test length

NO

NOT

3.5

repeatability range of the length measurement error

Rg
rang
ram

3.6
maj
Eg
extr]

NOT

NOT
whe|

NOT
ISO

3.7
ma
Ro,
extr|

NOT
whe|
arte

NOT
ISO

3.8

, MPE

E1 In this part of ISO 10360 L = 0 mm and 7. = 150 mm (default values) are specified

E2  See Annex B for the requirements of point sampling strategies.

e (largest minus smallest) of three repeated length measurement errors measured by a CM
axis stylus tip offset

fimum permissible error of length measurement
eme value of the length measurement error, E|, permitted by-specifications

E1 In this part of ISO 10360, L = 0 mm and L = 150 mm-(deéfault values) are specified.

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

E3 The MPE may be expressed using.any of the methods shown in Figure 12, Figure 13 and
10360-1:2000.

fimum permissible limit of the repeatability range

IPL
eme value of the repeatability range of the length measurement error, R, permitted by specific

E1 A maximum permissible limit (MPL) as opposed to a maximum permissible error (MPE) specific
h the test measurements are not errors; hence, testing an MPL specification does not require the use
acts.

E2 The"MPL may be expressed using any of the methods shown in Figure 12, Figure 13 and
10360-1:2000.

M with zero

ation is used

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

Figure 14 of

htions

ation is used
of calibrated

Figure 14 of

dua

-ram-GMM

CMM composed of two independent rams and a method for reporting the coordinate measurements from both

ram

s in a single coordinate system

NOTE 1 The two rams usually share part of their measuring range, but this is not required.

NOTE 2  The method for establishing a single coordinate system may require an alignment procedure.

NOTE 3

mode (3.9).

© 1SO 2009 - All rights reserved
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simplex op
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erating mode

method of using a dual ram CMM in which the two rams are treated as separate measuring systems

NOTE In the simplex operating mode, the coordinate measurements from the two rams are not reported in a single
coordinate system.

3.10

duplex operating mode
method of using a dual ram CMM in which the coordinate measurements from the two rams are reported in a
single coordinate system

4 Symb

ols

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

NOTE 9
sheets, etc.

5 Envir

5.1 Envi

Limits for p

Table 1 — Symbols

Symbol Meaning

E Length measurement error

R, Repeatability range of the length measuretent error
E| wmpE Maximum permissible error of length measurement
Ry mpL Maximum permissible limit of the rep&atability range

pnmental and metrological requirements

ronmental conditions

the site of ipstallation, that influence’the measurements shall be specified by:

— thema

— the use

In both cas

hufacturer, in the case of acceptance tests;

r, in the ease of reverification tests.

ee Clause 9 with respect to the indications of these symbols in product documentation, drawings, [data

ermissible environmental conditions, such as temperature conditions, air humidity and vibratign at

es, the user is free to choose the environmental conditions under which the ISO 10360-2 testing

will be per|formed within the specified limits (as supplied in the data sheet of the manufacturer; |see

ISO 10360-4;Ammerdrrert—:

The user is responsible for providing the environment enclosing the CMM, as specified by the manufacturer in
the data sheet.

If the environment does not meet the specifications, then verification of the maximum permissible errors,
Ey mpes EL, Mpe, @nd maximum permissible limit, Ry \yp , cannot be required.

© 1SO 2009 - All rights reserved
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Operating conditions

The CMM shall be operated using the procedures given in the manufacturer's operating manual when
conducting the tests given in Clause 6.

Spe
a)

b)

cific areas in the manufacturer's manual to be adhered to are, for example:
machine start-up/warm-up cycles;

stylus system configuration;

5.3

The
mes

The)
EL,

NOT

5.4

The)

permissible limit of the-repeatability range, Ry mpL, as stated by:

The

cleaning procedures for stylus tip;

probing system qualification;

thermal stability of the probing system before calibration;
weight of stylus system and/or probing system;

location, type, number of thermal sensors.

Length measurement error, £

surement, E| pg, as stated by:
the manufacturer, in the case of acceptance tests;

the user, in the case of reverification tests.

pE, are expressed in micrometres.

E The default values of L are 0-mm and 150 mm; hence, E| = E;and E| = E,5,.
Repeatability range of-the length measurement error, R

repeatability range-of the length measurement errors (R; values) shall not exceed the

the manufacturer, in the case of acceptance tests;

the user;*in the case of reverification tests.

5.5

repeatability range of the length measurement error (R, values) and the maximum permissibl
repe‘ét'ﬁﬁthyﬁﬁwWRQ,\,|T§I‘mfI'?s‘s@?ﬁ?ﬁl‘ﬁﬁl‘?@s.+13

Workpiece loading effects

length measurement errors (£ values) shall not exceed the maximum permissible errgr of length

length measurement errors (£, valugs)vand the maximum permissible error of length mgasurement,

maximum

limit of the

The length measurement error with L =0 (or minimum required for clearance), EO, shall not exceed the
maximum permissible error, Eq \pg, @s stated by the manufacturer when the CMM is loaded with up to the
maximum workpiece mass for which the CMM performance is rated. Testing of the length measurement error,
Ey, may be conducted under any workpiece load (from zero up to the rated maximum workpiece load),
selected by the user subject to the following conditions:

the physical volume of the load supplied for testing shall lie within the measuring volume of the CMM and

the load shall be free-standing;

© 1SO 2009 - All rights reserved
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— the manufacturer may specify a limit on the maximum load per unit area (kg/m2) on the CMM support
(i.e. table) surface and/or on individual point loads (kg/cm?2); for point loads, the load at any specific
contact point shall be no greater than twice the load of any other contact point;

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

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

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

6 Acceptance tests and reverification tests

6.1 General

6.1.1  Acgeptance tests are executed according to the manufacturer's specifications and procedures thaf are
in compliance with this part of ISO 10360. In particular, unless the user supplies ‘the calibrated test length
(subject to|the restrictions of ISO/TS 23165), the manufacturer may choose, thé-artefact representing| the
calibrated tgst length from those described in Annex B and Annex D.

Reverificatipn tests are executed according to the user's specifications and the manufacturer's procedures
Issues assqciated with dual ram CMMs are discussed in 6.6.
6.1.2 Thig part of ISO 10360 does not explicitly apply to CMMSs- Using optical probing; however, if, by mytual

agreement,|the parties apply this approach to optical CMMS, then additional issues, such as the following,
should be considered:

— in the pase of two dimensional sensors (no ram-movement), an index 2D may be used for indica
e.g. Eglops

on,
— in the ¢ase of two dimensional systems, the number and location of the measurement positions may be

reducef;
— specifigations for the magnification’and illumination;

— artefact issues such as material and surface finish that affect the test results;

— bidirectional probing nyay or may not be possible depending on the artefact and probing sydtem
(see Annex B).

The principle-6F-the-assessmen methotHs - b c-testHengthtraceable-to-the-metre; stablish
whether the CMM is capable of measuring within the stated maximum permissible error of length
measurement for a CMM with a specified ram axis stylus tip offset (both 0 and 150), £y \pg and Eq50 wpE
and within the stated maximum permissible limit for the repeatability range, Ry \py -

The assessment shall be performed by comparison of the indicated values of five different calibrated test
lengths, each measured three times, relative to their calibrated values. The indicated values are calculated by
point-to-point length measurements projected onto the alignment direction (see also Annex C).

Each of the three repeated measurements is to be arranged in the following manner: if one end of the
calibrated test length is labelled “A” and the other end “B”, then the measurement sequence is either A; By,
A, By, A3 B3 or Ay By, By Ay, Az B,. Other sequences such as Ay A, Az, B4 B, B; are not permitted. Each of
the three repeated measurements shall have its own unique measured points. That is, in general, B4, B, and

6 © 1SO 2009 — All rights reserved
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B5 shall be different actual points of the same target point B. Once the measurement sequence for a test
length has begun, no additional probing points shall be measured other than those required to measure its
length; for instance, no alignment points are permitted between the measurement of A; and Bs.

For CMMs without workpiece thermal expansion compensation, the uncorrected differential thermal expansion
between the CMM and the calibrated test length can produce a significant error; hence this part of ISO 10360
also requires the disclosure of the test length CTE.

For CMMs with workpiece thermal expansion compensation, this thermally induced error is greatly reduced.
For these CMMs, a significant portion of the residual thermal error is due to the uncertainty in the test length's
CTE (i.e. resulting in imperfect thermal expansion correction); hence this part of 1ISO 10360 requires the

disg
6.3

6.3.

The]
recq
med
of th
sha

NOT

Prig
sing
the

6.3.

The
alor
test
leng
leng
leng
the

EXA
400

The]
The)
ma
cali

losure of the uncertainty in the CTE of the test length.
Length measurement error with zero ram axis stylus tip offset, £,

1 General

Eq test shall be conducted using a ram axis stylus tip offset of zero or'as small as p

surement line, a non-zero ram axis stylus tip offset may be required in-order to access the ga
e calibrated test length. For these measurement situations, the smallest ram axis stylus tip off:
| be used.

E See Figure 1 for examples of ram axis stylus tip offsets, including some small, non-zero offsets.
r to beginning the extensive testing described in the follewing sections, it is recommended to

le- or multiple-stylus probing system test, as approprigte, described in ISO 10360-5, to quickly
brobing system is operating within specifications (see also Annex E).

P Measuring equipment

longest calibrated test length for each position shall be at least 66 % of the maximum travel
g a measurement line through the-calibrated test length. Hence the minimum allowable longes
length positioned along a body diagonal will be longer than the minimum allowable longest ca
th positioned along an axis direction. Each calibrated test length shall differ significantly from t
th. Their lengths shall be well distributed over the measurement line. In general, the five ca
ths used in one position may differ in their lengths from those used in another position, for exa
bxtent of CMM travel along different measurement lines.

MPLE 1 An example of well-distributed calibrated test lengths over a 1 m measurement line is: 100 1
mm, 600 mm, 800 mm.

manufaetorer shall state the upper, and optionally lower, limits of the CTE of the calibrated
manufactlrer may calibrate the CTE of a calibrated test length. The manufacturer shall
imumy’permissible (k= 2) uncertainty of the CTE of the calibrated test length. In the caseg
prated test length is composed of a unidirectional length and a short gauge block (see Annex

ctical. It is

r
gnized that depending on the CMM type, the artefact used as a calibrated test length, and t?Ie particular

ging points
et practical

perform the
ensure that

bf the CMM
5t calibrated
ibrated test
he others in
ibrated test
mple due to

hm, 200 mm,

test length.
specify the
where the
B), the CTE

sha

() il ol I} ) P 1) HAH n Ll ) e (4 Lk, IH) P Y | )
I'UT LUTTSIUCTTU U UT Uial UT'Uic urnunciuunial 1ITTigul. TTIT UTITaull TUT a Lalluralcu 1©ol TTITytrl

CTE material unless the manufacturer's specifications explicitly state otherwise.

is a normal

If the calibrated test length is not a normal CTE material, then the corresponding Ej \pg Values are
designated with an asterisk (*) and an explanatory note shall be provided describing the CTE of the calibrated
test length.

EXAMPLE 2

*
EO, MPE

* Artefact is super-invar with a CTE no greater than 0,5 x 1078/°C and with a CTE expanded uncertainty (k = 2) no greater
than 0,3 x 1076/°C.
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If the manufacturer's specification states that the calibrated test lengths will be a non-normal CTE material and
the CTE is less than 2 x 10-6/°C, then perform an additional measurement as described in 6.3.3.3.

A low CTE test length can be mathematically adjusted to give the apparent behaviour of a normal CTE
material test length subject to the requirements of Annex D; however, this calibrated test length is still
considered to have a low CTE and is subject to the requirement of 6.3.3.3.

See Annex B for examples of a calibrated test length.

6.3.3 Procedure

6.3.3.1 easurement positions

Five differgnt calibrated test lengths shall be placed in each of seven different positions (locations |and
orientations)) in the measuring volume of the CMM, and each length shall be measured three times, for a jotal
of 105 medsurements. Four of the seven positions shall be the space diagonals, as shown.in Table 2. [The
user may specify the remaining three positions; the default positions are parallel to eachef the CMM axeg, as
shown in Table 2.

Table 2 — Orientation in the measuring volume

Position . . . Required
Orientation in the measuring volume
number or default
1 Along the diagonal in space from point (1, 0,°0).to (0, 1, 1) Required
2 Along the diagonal in space from point (4; 1, 0) to (0, 0, 1) Required
3 Along the diagonal in space from point(0, 1, 0) to (1, 0, 1) Required
4 Along the diagonal in space froni/point (0, 0, 0) to (1, 1, 1) Required
5 Parallel to the machine scales from point (0, 1/2, 1/2) to (1, 1/2, 1/2) Default
6 Parallel to the machine scales-from point (1/2, 0, 1/2) to (1/2, 1, 1/2) Default
7 Parallel to the machiné scales from point (1/2, 1/2, 0) to (1/2, 1/2, 1) Default
NOTE For specifications in this_table, opposite corners of the measuring volume are assumed to be
D, 0, 0) and (1, 1, 1) in coordinates (X\Y, Z).

The manufacturer may, at his ‘diScretion, specify the maximum permissible error of length measurement with
zero ram axis stylus tip offset;for each CMM axis, i.e. positions 5-6-7.

The notatiop shall be Egx-and Egx \mpe, Egy @and Egy, mpg, @and Egz and Egz \pe-

For CMMs Wwith a-high aspect ratio between the length of the axes, it is recommended that the manufacturer
and the user,-Upon mutual agreement, add two additional measurement positions. A high aspect ratio QMM
occurs whgn the length of the longest axis is at least three times the length of the intermediate axis. [The
recommended positions, each consisting of five calibrated test lengths, each measured three times, are the

two (corner-to-corner) diagonals in a plane perpendicular to the longest axis, i.e. if X is the longest axis, then
the two diagonals are in the Y-Z plane and located approximately at the midpoint of the X axis.

6.3.3.2 Measurement procedure

Set up and qualify the probing system in accordance with the manufacturer's normal procedures (see 5.2). All
probing system qualifications shall be performed using the manufacturer-supplied reference sphere (or other
artefact supplied by the manufacturer for probe qualifications in the normal use of the CMM) and shall not
make use of any test artefact or other artefacts. The ram axis stylus tip offset should be zero (or the minimum
value to allow clearance) to measure the calibrated test length.

8 © 1SO 2009 — All rights reserved
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For each of the five calibrated test lengths, obtain three measurement results. See Annex B for details
regarding the measurement procedure for specific types of test lengths. Repeat for all seven measurement
positions for a total of 105 measurement results from the calibrated test lengths.

Supplementary measurements may be required for artefact alignment purposes. It is recommended that the
alignment method used be consistent with the procedures used for the artefact calibration.

The manufacturer should clearly specify on the data sheet the stylus system that will be used for the E; test;
for example, a straight 20 mm long stylus shall be used in the test. If the manufacturer does not specify the

stylus system, the user is free to choose the system from any stylus components supplied with the

CMM.

NOTE Changing the stylus system may significantly change the E, test results.
6.3.3.3 Low CTE case
For|the case where the manufacturer's specification for E, \pg requires o< 2x 10-6/°C (th

tnormal CTE), an additional measurement shall be performed on a normal CTE material ca
th. The normal CTE material test length shall be greater than the lesser of\0;5 m or 50 % of
M axis travel. This measurement shall be performed in the centre of thee CMM measuring

non
leng
CM

us being a
ibrated test
the longest
olume and

parallel to one of the CMM axes. The measurement shall be repeated three times. The manufacturer may

calibrate the CTE of this test length.

NOTE 1 When a laser interferometer is used to produce the calibrated-test lengths, as described in Anne
intefferometer is considered a low CTE material and hence requires ¢hevmeasurement of a normal CTE c
length.

NOTE 2 When using a laser interferometer, it is good practice to measure the normal CTE arte
measurement line that was previously measured using the laser interferometer. The consistency of the errorg
from the laser interferometer and from the normal CTE artefact serves as a quick check to see if the compen
worlfpiece CTE and the compensation for the index of refraction have been correctly implemented.

6.3.4 Derivation of test results

all 105 measurements, and (if required) the three additional measurements of 6.3.3.3, cal
th measurement error, E,, by calculating the difference between the indicated value and th
e of each test length (where.the calibrated value is taken as the conventional true value of
indicated value of a particular measurement of a calibrated test length may be corrected by
punt for systematic errors, or thermally induced errors (including thermal expansion) if the
bssory devices for this purpose. Manual correction of the results obtained from the comput
punt for temperature”or other corrections shall not be allowed when the environmental condi
conditions of 5.1~

For
leng
valy
The
acc
acc
acc
the

E For somie CMMs, the thermal correction system requires the user to input values of the artefa
erature as_part of its automatic thermal compensation system as described in its operating document

k B, the laser
blibrated test

act along a
of indication
sation for the

culate each
e calibrated
the length).
he CMM to

CMM has
er output to
ions satisfy

tt's CTE and
ation. This is
sation by the

0 ’
or Figure 14 of ISO 10360-1:2000) that matches the expressed form of £y ypg.

6.4 Repeatability range of the length measurement error, R

2, Figure 13

For each set of three repeated measurements in 6.3, calculate the repeatability range, Ry, by evaluating the

range of the three repeated length measurements.

Plot all the repeatability range values (Ry values) on a diagram, as indicated on the figure
Figure 13 or Figure 14 of ISO 10360-1:2000) that matches the expressed form of Ry \py -

© 1SO 2009 - All rights reserved

(Figure 12,


https://standardsiso.com/api/?name=f4b63197c6fe503f26e4b14eb2e42889

ISO 10360-2:2009(E)

6.5 Length measurement error with ram axis stylus tip offset of 150 mm, £,5,

6.5.1 Measuring equipment

The longest calibrated test length for each position shall be at least 66 % of the maximum travel of the CMM
along a line through the calibrated test length.

Each calibrated test length shall differ significantly from the others in length. Their lengths shall be well
distributed over the measurement line. In general, the five calibrated test lengths used in one position may

differ in their lengths from those used in another position, for example due to the extent of CMM travel along

different m

asurementlines

EXAMPLE 1
400 mm, 60d

The default

explicitly state otherwise. The manufacturer shall state the upper, and optionally lower, limitiof the CTE of

An example of well-distributed calibrated test lengths over a 1 m measurement line is: 100 mm;200
mm, 800 mm.

for the calibrated test length is a normal CTE material unless the manufacturer's specificat

mm,

ons
the

calibrated test length. The manufacturer may calibrate the CTE of a calibrated test length. The manufacfurer
shall specify the maximum permitted (k = 2) uncertainty of the CTE of the calibrated test length.

If the calibfated test length is not a normal CTE material, then the corresponding 45y \pg Vvalues|are
designated [with an asterisk (*) and an explanatory note shall be provided describing the CTE of the calibrated
test length.

EXAMPLE 2

E450, MPE”

* Artefact is

buper-invar with a CTE no greater than 0,5 x 1078/°C and with a CTE expanded uncertainty (k = 2) no grd

bater

than 0,3 x 14-5/°C.

See Annex B for examples of a calibrated test length:

6.5.2 Pro¢edure

6.5.2.1 Rrobe orientations

Set up and|qualify the probing systen’in accordance with the manufacturer's normal procedures (see 5.2). All
probing system qualifications shall-be performed using the manufacturer-supplied reference sphere (or gther
artefact supplied by the manufacturer for probe qualifications in the normal use of the CMM) and shall| not
make use df any test artefactyor other artefacts.

The default|value for the ram axis stylus tip offset is 150 mm (+ 15 mm), i.e. E¢5.

The directign of the'ram axis stylus tip offset is to be oriented perpendicular to the measurement line defjned

by the calib|

rated\test length and pointing along a CMM axis direction.

For each measurement, the user may specify the direction of the ram axis stylus tip offset to be pointing either
in the positive or in the negative axis direction, i.e. in either the +X or —X direction for positions 1A or 1B, and
in either the +Y or —Y direction for positions 2A or 2B (see Figure 2). Hence, of the eight possible
combinations of test length positions and probe orientations, the user may choose any two for testing.

6.5.2.2 Possible measurement positions and probe orientations

Unless otherwise specified (see 6.5.2.3, Note 3), only two of the eight possible combinations of calibrated test
length positions and probe orientations are to be tested.

The user may specify either one or two calibrated test length positions from the four positions shown in
Table 3.

10 © 1SO 2009 — All rights reserved
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The user may specify one or two of the probe orientations described in 6.5.2.1.

If only one test length position is specified, then the probe orientations shall be diametrically opposite as
described in 6.5.2.1 and 6.5.2.3, Note 4.

If the ram axis of the CMM is designated other than the Z axis, then corresponding changes shall be made to
the positions and probe orientations in Table 3.

Table 3 — Orientation in the measuring volume

Position
s Orientation in the measuring volume
number
1A Along the YZ plane diagonal from point (1/2, 0, 0) to (1/2, 1, 1)
1B Along the YZ plane diagonal from point (1/2, 0, 1) to (1/2, 1, 0)
2A Along the XZ plane diagonal from point (0, 1/2, 0) to (1,-142)1)
2B Along the XZ plane diagonal from point (0, 1/2, 1) to\(1,1/2, Q)
NOTE For specifications in this table, opposite corners of the measuring.volume are assumed
to be (0, 0, 0) and (1, 1, 1) in coordinates (X, Y, Z).

NOTE For very small CMMs, it may be necessary to translate the ealibrated test length, keeping it orienjted along an
XZ or YZ diagonal, in order to provide sufficient clearance for measurement, e.g. position 1A could be from point (1, 0, 0)
to (1, 1, 1).

6.5.2.3 Measurements

Forleach combination of test length position and.probe orientation, five different calibrated test l¢ngths shall
be measured three times each. Hence, for the two selected combinations, a total of 30 measuremgnts shall be
performed. See Annex B for details regarding:the measurement procedure for specific types of test lengths.
Supplementary measurements may be required for artefact alignment purposes. It is recommended that the
alighment method used be consistent with-the procedures used for the artefact calibration (see Anfpex C).

NOTE 1 Manufacturers may specify'values of E| vpe for other ram axis stylus tip offset values, L, particularly for large
CMNis where large stylus tip offsets are frequently used. Users with specific measurement needs may, by agreement with
the manufacturer, obtain specifications of £, ;o for specific values of L.

NOTE 2  For purposes_ofjspecification, the stylus tip offset default value is 150 mm (£ 15 mm); howevef, in order to
demonstrate conformance" with specifications, the manufacturer may, at his discretion, use a longer stylus if it is

NOTE 3  Altheugh only two of the eight possible combinations of test length positions and probe orientations are tested,

opposite probe orientations) is a measure of the effective angular rotation associated with the use of a probe with a ram
axis stylus tip offset of 150 mm in that position.

The position of the stylus tip, in the direction along the ram axis, should also be significantly different from that
used for the E test. The difference in position along the ram axis should preferably be the same, if allowed by
the CMM travel, as the ram axis stylus tip offset, and may be in either direction (+ or —) along the ram axis.
See 3.1 and Figure 1 showing different ram axis stylus tip offsets resulting in significantly different stylus tip
locations along the ram axis.

© 1SO 2009 — All rights reserved 11
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Figure 2 — Example showing two of the four possible calibrated test length.positions,

6.5.3 Der

For all 30
between th
as the cony
to account
accessory

account for

NNy

NN

P

and two of the four possible probe orientations for the E, 5, test procedure

vation of test results

measurements, calculate each length measurement error)E{sy, by calculating the differg
b indicated value and the calibrated value of each test length (where the calibrated value is t3
entional true value of the length). The indicated value of-arcalibrated test length may be corre
for systematic errors, or thermally induced errors (including thermal expansion) if the CMM
levices for this purpose. Manual correction of the results obtained from the computer outpy
temperature or other corrections shall not be allowed when the environmental conditions sa

nce
ken
cted
has
t to
tisfy

the conditions of 5.1.

NOTE fFor some CMMs, the thermal correction system requires the user to input values of the artefact's CTE|and
temperature |as part of its automatic thermal compensation system as described in its operating documentation. THis is
permitted previded it is the CMM software that perferms the thermal compensation. Manual thermal compensation by the
user is not permitted.

Plot all the[length measurement errors\(£,5, values) on a diagram, as indicated on the figure (Figurg 12,
Figure 13 of Figure 14 of ISO 10360¢1:2000) that matches the expressed form of £45y ypg-

6.6 Dualiram CMMs

6.6.1 Simplex operating-mode

The performhance of.the individual ram machines shall be specified for the simplex operating mode. [The
simplex opgrating:mode is specified by the procedures in 6.3, 6.4, and 6.5, treating the individual ram machine
similar to a|single ram CMM. The measuring volume of a single ram used in the simplex mode is defined by
the volume laceessible hy the individual ram ncing minimal pmhp and ny|IlQ extensions

6.6.2 Duplex operating mode

6.6.2.1 A CMM used in duplex operating mode shall follow the procedures in 6.3, 6.4, and 6.5 with the
following modifications.

6.6.2.2 Before beginning the testing procedure, it is good practice to place a test sphere near the centre

of the measuring volume and measure the location of the sphere with each ram. The distance between the
two sphere centre locations should be less than £, \pg for a zero length artefact; this quickly ensures that the
two rams are properly qualified.

12
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One end of each calibrated test length shall be measured with probing from one ram and the opposite end of
that calibrated test length shall be measured with probing from the other ram.

It is recommended that the midpoint of each calibrated test length be located away from the centre plane
between the two rams.

6.6.2.3 Some errors of the individual rams are nearly equal when their distances from the centre plane
are symmetrical. This can lead to cancellation of the effect of these errors when measuring lengths in the
duplex operating mode if the two ends of the calibrated test length are located at equal distances from the
centre plane. Displacing the calibrated test lengths' midpoints away from the centre plane reduces the
tendency of these symmetric errors to cancel each other out. For example, when using a laser interferometer,
this|[may easily be done by extending both rams approximately to the centre of the measuring volume, then by
altefnating retracting movements of one arm by one third of its travel with retracting movementsE‘ the other
arm| by one half of that arm's travel to achieve the five required test lengths spanningat legst 66 % of
maximum travel.

If a
B.3
with

laser interferometer is used to produce calibrated test lengths without contdct)probing (analogous to
3.4), then the retroreflector shall be attached to one ram and the interferometer-attached to thé other ram,

five
the
blog

A l3
6.3.

To avoid ambiguity, specifications of the MPE and MPL values of dual ram CMMs shall be clear

the laser beam determining the measurement line. Each ram shall be moved to the ends of {
calibrated test lengths for that measurement line. To satisfy the requirements of Clause B.3 &
mmetrological link between the two rams, each arm shall measure one\point on the end of the
k, repeated three times, for each measurement line.

ser interferometer is considered a low CTE material (see Annex'B) and is subject to the requ
B.3.

he required
nd to verify
short gauge

irements in

y stated as

either “simplex operating mode” or “duplex operating mode”.

7 |Compliance with specifications

7.1| Acceptance test

711 Acceptance criteria

The performance of the CMM-used for measuring linear dimensions is verified if

— |the length measurement errors measured with zero ram axis stylus tip offset (E, values) arg within the
maximum permissible error of length measurement, E,\pg, as specified by the manufagturer when
plotted on the —appropriate diagram as indicated on Figure 12, Figure 13 or Figure 14 of
ISO 10360-1:2000, and taking into account the uncertainty according to ISO 14253-1 and ISO|TS 23165,

and

— |thedrepeatability range of the length measurement error (R, values) are within the maximum |permissible
limit of the repeatability range, Ry \pi, @s specified by the manufacturer when plotted on the [appropriate
diagram as indicated on Figure 12, Figure 13 or Figure 14 of 1ISO 10360-1:2000, and taking into account
the uncertainty according to ISO 14253-1 and ISO/TS 23165,

and

— the length measurement error measured with ram axis stylus tip offset 150 mm (E,5q values) are within
the maximum permissible error of length measurement, E45, \pg, @s specified by the manufacturer when

plotted on the appropriate diagram as indicated on Figure 12, Figure 13 or

Figure 14 of

ISO 10360-1:2000, and taking into account the uncertainty according to ISO 14253-1 and ISO/TS 23165.

For CMMs that are not intended for use with a ram axis stylus tip offset or CMMs not capable of being used
with a ram axis stylus tip offset of any length L, verification of the length measurement error, E;, is not

required.

© 1SO 2009 - All rights reserved
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7.1.2 Data rejection and repeated measurements

71.21

Length measurement error with zero ram axis stylus tip offset, £,

A maximum of five of the 35 sets (or 36 sets if 6.3.3.3 is required) of three repeated measurements in
accordance with 6.3 may have one (and no more than one) of the three values of the length measurement
error outside the conformance zone.

Each such measurement that is outside the conformance zone (according to ISO 14253-1) shall be

re-measure

d three times at the relevant position.

If all the val
three reped
the CMM is

71.22 H

If a calibrg
measuremg
discarded.

No addition

7123 L

A maximun
no more th4

Each such
re-measure

If all the va

from the three repeated measurements are-Wwithin the conformance zone (see ISO 14253-1), then

performanc

7.2 Reve

The performpance of the CMM used-for measuring linear dimensions is considered to have been reverified

Ry, and Ey;
E150, MPE: §

8 Appli

8.1 Acce

ues of the errors of indication of a calibrated test length with zero ram axis stylus tip offset fron
ted measurements are within the conformance zone (see 1ISO 14253-1), then the performanc
verified at that position.

Repeatability range of the length measurement error, R,
ted test length is re-measured according to 7.1.2.1, then the range of the three repe

nts shall be used to determine R at that position, and the three original measurements sha

bl repeated measurements (beyond that allowed by 7.1.2.1) shall be-performed.

ength measurement error with ram axis stylus tip offset of 150 mm, £, 5,

of two of the 10 sets of three repeated measurements in accordance with 6.5 may have one
n one) of the three values of the length measurement-error outside the conformance zone.

measurement that is out of the conformance zone (according to 1SO 14253-1) shall
d three times at the relevant position.

ues of the errors of indication of a calibrated test length with ram axis stylus tip offset of 150

e of the CMM is verified at that position.

rification test

o- described in 6:3;,6.4 and 6.5, are not greater than the maximum permissible errors, Eq
nd maximum permissible limit, Ry \p, as determined in 7.1.

cations

the
e of

hted
| be

and

be

mm
the

f B,
MPE>

ptance test

In a contractual situation between a manufacturer and a user such as that described in a

upgrad

14

purchasing contract,
maintenance contract,
repair contract,

renovation contract, or

ing contract,
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the acceptance test specified in this part of ISO 10360 may be used as a test for verifying the performance of
the CMM used for measuring linear dimensions in accordance with the specification for the stated maximum
permissible errors, Ey \ypg, E| ympg, and maximum permissible limit, Ry yp, as agreed upon by the

manufacturer and the user.

The manufacturer is permitted to specify detailed limitations applicable for £y wpg, Ro, mpL» @nd Eqs5o, mpe- If
no such specification is given, £y \ipg, Ry mpL, @nd Eq59 mpg apply for any location and orientation in the

measuring volume of the CMM.

8.2 Reverification test

In gdn organization's internal quality assurance system, the performance verification describedCin
ISO[ 10360 can be used as a reverification test to verify the performance of the CMM used-for
linear dimensions in accordance with the specification for the maximum permissible errors, £y \pq
and|maximum permissible limit, Ry \p, as stated by the user. The user is permitted tolstate th
and|to specify detailed limitation applicable to, £ \ipg, Rg mpr, @nd E450. mpE-

this part of
measuring

- £150, MPE>
b values of,

NOTE 1 The tester accounts for the test uncertainty according to ISO 14253-1; accordingly, a reverification test (where,

typigally, the tester is the user) may have a different conformance zone than an acceptance test.

NOTE 2 In acceptance testing, the conformance zone is derived from the manufacturer's spec
ification testing, the reverification limits may be derived from the user's metrological needs.

and|positions (see Annex A).

NOTE This part of ISO 10360 is primarily/concerned with acceptance and reverification testing. Inte
oftelh associated with quality assurance. Seé.the ISO/TS 15530 series of documents for further discussion
measurement uncertainty associated with CMM measurements.

9 [Indication in product documentation and data sheets

fications. In

by be used
garding the
xtent of the
asurements

im testing is
bf the role of

Thel symbols of Clause4 are not suitable for use in product documentation, drawings, data sheets, etc.
Table 4 gives the corfesponding indications which are also allowed.
Table 4 — Symbols and corresponding indications in product documentation,
drawings, data sheets, etc.
Symbol used in this document Corresponding indication
Ty yir
Ry RO
E_ wpe MPE(EL)
Ry mpL MPL(RO)
© 1SO 2009 — All rights reserved 15
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A.1 Inter

Annex A
(informative)

Interim check

im check of the CMM

It is strongly recommended that the CMM be checked regularly during the periods between (peri

reverificati

measuring performance required. The CMM should be checked immediately after any significant.@vent
can have affected CMM performance.

Artefacts o
interim test
and orienta

Depending

commonly ysed artefacts should be chosen; some examples are given below:

— a purp
stable,
uncertg

— aballp

— ahole

— aballb

— ahole

— a bar that can be kinematically-loeated between a fixed reference sphere and the CMM probe-st

sphere
— acircu

It is strongl
the CMM.

The methog
interim test

. The interval between checks should be determined from the environmental conditiens’and

her than those calibrated test lengths that are described in Annex B mayfalso be used in
The measurements should be made directly after the performance verification test; the posit
ions of the artefacts should be noted and subsequently repeated.

on the measurement tasks for which the CMM is used, the most relevant of the follo

mechanically robust, and which has a surface finish)that does not significantly affect
inty of measurement;

late;
blate;
ar;

Dar;

ar artefact (e.g. aring gauge).

recommended-that the artefact material have a CTE similar to typical workpieces measured

involving the mathematical adjustment to low CTE artefacts described in Annex D may be use
ng;-however, it is crucial that the temperature of the low CTE artefact used for the adjustmen

pdic
the
that

the
ons

ving

pse-made test piece that has features representing typical geometrical shapes, is dimensionally

the

ylus

with

din
t be

atiaon indanandant tharoa oo torthat 1o ot ot Af tha NN

measured v

A.2 Interi

o O C PO T T T T T TOTT e TO T ot 1o T o T Par C OT th i OV

im testing and the comparison to specifications

A.2.1 General

In some cases, it may be desirable to perform an interim test such that the results can be compared to the
manufacturer's specifications for Ey ypg, Ry mp. @and £ ypg. In this case, a calibrated test length, as
described in Annex B, should be used and the measurement procedures described in this part of 1ISO 10360

followed.

16
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In order to minimize the time to perform the interim test an abbreviated test procedure should focus on those
test positions that most commonly reveal a problem with the CMM. For example, the measurement of a single
long test length in each of the body diagonals will generally more readily reveal CMM errors than the
measurements of five test lengths along a CMM axis.

Each of the errors of indication from the interim test should be less than the corresponding specification,

e.g. £y ype, Provided the test is conducted according to the procedures of this part of ISO 10360 and the
environmental conditions are within those stated by the manufacturer.

A.2.2 Interim testing using unidirectional artefacts

In tl|1e case where unidirectional artefacts are employed in the interim test, where minimizing thJa amount of
test|ng time is important, and where comparison to the manufacturer's specifications is desired) the following
pro¢edure is useful. In this procedure, the short gauge block measurements that are normally required when
producing a calibrated test length using a unidirectional artefact are replaced by a combination| of a single
styllis form measurement, Pgr;, and the corresponding error of indication of sphere-size, Pg1, as described
in 1I$0 10360-5 as shown below. The measured values of Pgy; and Pgq7(, should be measured a$ part of the
intefim test. For L =0 mm or L = 150 mm:

— |if the unidirectional error is greater than or equal to zero, then E| is@pproximated by the unidirectional
error plus (Pery + | PsTy 1)

— |if the unidirectional error is less than zero, then E| is approximated by the unidirectional prror minus
(Peru *+ | Psty |)-

Thig method of determining the error of indication is an approximation to the method specified in CJause 6 and
may overestimate the error. If an error of indication in thé&Zinterim test exceeds its corresponding MPE value,
then the position should be re-measured using the procedures specified in Clause 6.

Thig method is not recommended for the case of\aser interferometry without contact probing measured in a
unidirectional manner (see B.3.3.4) becausgecinsufficient information is available to adjust the fepeatability
range value (see below). The two probing. test results used in this method should be applicable to the stylus
usefl to measure the unidirectional length,

When using this method to compare‘with the manufacturer's specifications for repeatability range, |i.e. Ry yp,
caldulate the R, values as described' below.

For([step gauges measured.in-a unidirectional manner (see B.3.3.1), the repeatability range, R, i$ calculated
valuating the range-of-the three repeated unidirectional length measurements and multiplying by 1,73.

also applies te-“aser interferometry with contact probing measured in a unidirectiopal manner
(seg B.3.3.3) when¢the-gauging surface is a plane.

NOTE 1 The.multiplication factor of 1,73 compensates for the averaging of three measured points per sifle during the
length measurement and the absence of the short gauge block measurements.

For[ball'plates and ball bars measured in a unidirectional manner (see B.3.3.2), the repeatability range, Ry, is
caldulated by evaluating the range of the three repeated unidirectional length measurements and multiplying
by 1,41. This also applies to laser interferometry with contact probing measured in a unidirectional manner
(see B.3.3.3) when the gauging surface is a sphere measured with five probing points.

NOTE 2 The multiplication factor of 1,41 compensates for the fact that each centre point is derived from five specified
measured points and the absence of the short gauge block measurements.
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Annex B
(normative)

Artefacts that represent a calibrated test length

B.1 General

For econon
artefacts to
yield the sa

A calibrateg
categories

1)
2)

geome

3)
length.

Clauses B.}

In some ca
CMMs. In t
might inclu
artefact, or
associated
procedure
carefully.

A laser intg
used to pro
of 6.3.3.3. 4
the laser's
workpiece (

When a las
described b
nominal po
the actual
coordinates
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repeatability problems as evaluated, in effect, by a single probing peint’on each end of the calibrated

ny availability and practicality, it is the intent of this part of ISO 10360 to allow several fype
be used in testing a CMM provided they are appropriately adjusted (as described in this‘anne
Mme measurand, a calibrated test length.

test length, as measured by the procedures of this part of ISO 10360, is designéd to detect t
pf CMM errors:

rical and thermal errors associated with the CMM between the two endpoints of the test length

and B.3 describe common artefacts that may be used-as a calibrated test length.

nis case, both parties may agree to use other‘means to generate a calibrated test length. Th
e length standards that are “stitched” together (i.e. overlapped end-to-end) to form a lo
other types of laser-based lengths, e.giproduced by multilateration. In the latter case, isg
with the absence of contact probing shall"be accounted for (see Clause B.3). In all such cases
hall be documented and the uncertainties associated with these techniques shall be considg

rferometer that is corrected. for the index of refraction of air has a zero CTE (a= 0). Hence, if
Huce a calibrated test length, it is considered a low CTE material and is subject to the requirem
\dditionally, if the laser _has a workpiece (material) temperature sensor, then the workpiece CT|
software shall be'set to 0. If a laser is used on a temperature-compensated CMM, then
LTE in the CMM's Software shall be set to 0.

br interferometer is used to produce a calibrated test length, the CMM shall be positioned at a g
y nominal.coordinates, without probing a surface. In this case, some CMMs may not arrive at
ition exactly. This does not necessarily result in an error of indication as long as the CMM ref
position. Consequently, for each test length, the spatial distance between the reported G

s of
) to

nree
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ses, these artefacts may not be available or sufficiently long, particularly when testing very large

ese
nger
ues
the
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E in
the

oint
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of )points A and B shall be evaluated and compared with the distance indicated by the |

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

Some artefacts such as step gauges, multi-ball ball bars, ball plates, and laser interferometry can produce
multiple lengths relative to a “reference zero”. For example, a step gauge can measure lengths “A” to “B”, “A”
to “C”, etc., or an interferometer can measure the displacement from an initial position to a series of
subsequent positions (each of different length). In order to provide equivalency to gauge blocks, the reference
position, i.e. the “zero”, shall be re-measured each time a calibrated test length is produced. That is, the “A” to
“B” length and the “A” to “C” length must each have its own “A” measured anew. Similarly, with interferometry,
the initial position shall be re-measured for each displacement used to produce a calibrated test length.

18 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=f4b63197c6fe503f26e4b14eb2e42889

I1ISO 10360-2:2009(E)

B.2 Bidirectional measurements

B.2.1 General

Bidirectional measurements of calibrated gauges represent a calibrated test length. A bidirectional
measurement involves probing a single point on each end of the gauge, and approaching these probing points
from diametrically opposite directions (see Figure B.1). Internal and external bidirectional measurements shall
not be mixed on a measurement line. Several possible bidirectional measurement methods are described
below.

PD
PD
[ PD
PD
1 2
— - O=0) st |5

a) Gauge block b) Step gauge c) Ball bar (endpoint- d) Lasen

to-endpoint

measurement)

Key
PD | probing direction
1 position 1
2 | position 2

Figure B.1 — Examples of:bidirectional measurements,
each probed with a\single point in each direction

B.22 Gauge blocks

A cglibrated test length may be produced using a calibrated gauge block measured with a single-point-to-
single-point method. It is advisedthat each probing point be located at the calibrated gauging pgoint for the
blogk. See Annex C for alignment procedures.

B.2l3 Step gauges-measured in a bidirectional manner

A chlibrated test(length may be produced using a calibrated step gauge measured with a single-point-to-
single-point bidiréctional method (see Figure B.1). See Annex C for alignment procedures.

B.2l4 Ball bars/ball plates measured in a bidirectional manner

A cdfibratedtesttengthmmay beproducedusing = batt barfoatt ptate wherethetengthisequattothe calibrated
sphere centre-to-centre length plus one half of the calibrated diameter of each sphere. The gauge is
measured in a single-point-to-single-point bidirectional manner (identical to a gauge block). See Annex C for
alignment procedures.

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

A calibrated test length can be produced using a laser interferometer and a gauge block. The calibrated test
length is the sum of the calibrated length of the gauge block and the displacement recorded by a calibrated
laser interferometer system. The gauge block is measured with a single point at the initial position. Then the
opposite face of the gauge block is measured with a single point at the second position (see Figure B.1).
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B.3 Unidirectional measurements (shall be supplemented with bidirectional
measurements)

B.3.1 General

For purposes of this part of ISO 10360, unidirectional measurements are any measurements that are not
bidirectional. They include step gauges measured in a unidirectional manner, centre-to-centre distances of
ball plates and ball bars, and some methods of laser interferometry (see Figure B.2).

Unidirectional measurements shall be combined with bidirectional measurements in order to produce a
calibrated t¢sttengtirfortesting purposes of this part of tISO1T0360-

A calibrateq test length can be produced using the arithmetic sum of a calibrated unidirectional length and a
calibrated bjidirectional length (default is a short gauge block) with the bidirectional length measured lin a sipgle
point-to-single-point manner.

- PD
[*

|

a) Step gauge b) Ball bar — Top view c¢) Ball plate — Top view showing
showing the five-point the five-point probing pattern
probing pattern per sphere
per sphere

d) Laser with unidirectional e) Laser without contact probing
contact probing

Key

PD proking direction

RMD  ram|motion direetion

1 position 4

2 posifion-2

Figure B.2 — Examples of unidirectional measurements

B.3.2 Calibrated test length composed of unidirectional and short gauge block
measurements

For each measurement line under test (there are seven lines for the Ej test and up to two lines out of a

possible four lines for the £, 5, test), measure a short (default 25 mm) calibrated gauge block in a bidirectional
manner as described in B.2.2.

20 © 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=f4b63197c6fe503f26e4b14eb2e42889

I1ISO 10360-2:2009(E)

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

For example, if a body diagonal of the CMM is the measurement line under test, then the gauge block shall be
oriented along the direction of the body diagonal, but may be located “beneath” the diagonal and fixtured near
the table surface.

The short gauge block shall be measured a total of three times and the errors of indication recorded in their
chronological order. In the special case of the £z, test, when the same measurement line is measured with

two
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NOT

each of the five lengths (per measurement line), measure a calibrated unidirectional length
record the errors of indication in chronological order; details for specific types of unidirectional
Cribed in B.3.3.

each of the three unidirectional errors of indication add (in the usual arithmetical n
nologically corresponding bidirectional errors of indication to create\the errors of indics
brated test lengths. Repeat for all five lengths per measurement’ line; this involves
nidirectional measurements and three bidirectional short gauge bloeck measurements per m

E The test results are affected by the position of the short gauge block; for instance, locating the

nea
inte

measuring line. However, this may cause fixturing problems. |t isdup to the tester to choose the best comprom
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B.3

B.3
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the CMM table may alter the test performance due to the CMM behaviour when the ram is fully e
ded representation of the CMM performance is approximated\by locating the short gauge block in the

Iternative to the short gauge block is to measureia small sphere of calibrated diameter (defau
bidirectional manner as follows. Two points shall be located at opposite points of a sphere diar
nted parallel to the measurement line. The other two points shall be spaced 90° apart, loc
bre and in a plane orthogonal to the . measurement line and containing the sphere centre.

heter measured in this manner is equivalent to a bidirectional short gauge block measurement.

alternative method may be used upon agreement between the user and manufacturer; oth
't gauge block shall be used.

3 Artefacts for unidirectional measurements

3.1 Step gauges,measured in a unidirectional manner

hidirectional.measurement of a step gauge shall have each gauging surface measured with th
ts (at thessame target contact point) and the coordinates averaged.

lengthis determined using the averaged coordinates. The measurement shall be done in a u
ner,(see Figure B.2). See Annex C for alignment procedures.

diametrically oriented probes, the three short gauge block measurements shall be measure¢d with one
probpe orientation, then repeated with the opposite probe orientation.

three times
lengths are
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neter that is
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The sphere

erwise, the
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The averaging of three points on each gauging surface of a unidirectional step gauge is needed, when
combined with the short gauge block errors, to have the test results be equivalent to that of the single-point-to-
single-point bidirectional measurement case.

B.3.3.2 Ball plates and ball bars measured in a unidirectional manner

A unidirectional measurement of an artefact with spherical gauging surfaces, such as a ball plate or ball bar,
consists of each sphere measured with five probing points and the (least squares fit) centre-to-centre length
determined.

The point sampling strategy is shown in Figure B.2.
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B.3.3.3 Laser interferometry with contact probing measured in a unidirectional manner

A unidirectional measurement can be produced using a calibrated laser interferometer and a gauging surface;
the gauging surface may be a plane or a sphere.

The measurement involves interferometrically measuring the displacement of the gauging surface that is
(contact) probed by the CMM. The gauging surface is typically moved on a carriage or sled that has an
attached laser retroreflector.

In the case where the gauging surface is a sphere, the sphere centre location shall be measured with five
points as described in B.3.3.2. In the case of a plane, the surface is probed with three points at each position

and the cog
final positio

rdinates averaged as described in B.3.3.1; the probing direction is the same for both the initial
ns (see Figure B.2).

B.3.3.4 Laser interferometry without contact probing measured in a unidirectional manner,
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For some
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Consequen
such cases
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r and to measure the displacement of the CMM using laser interferometry.
isplacement measurement is considered a unidirectional measurement(see Figure B.2).

CMMs tested with laser interferometry used without contact’ probing, the interferom
nts might not appropriately implement the CMM compensation for geometrical er
Lly, this will yield an error of indication much larger than would be the case with contact probin
, a calibrated test length involving contact probing should. be employed and an external ftri
e error compensation may alleviate the problem.

and

hses (particularly large CMMs), it may be convenient to replace the praobing” system with a
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