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Foreword

[SO (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 this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai
rights in regpect thereof. As of the date of publication of this document, ISO had not;teceived

patent(s)

this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

ich may be required to implement this document. However, implementers are ca
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complete lig

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and
conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢
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s and verification, in collaboration with the European Committee for Standardiz
ommittee CEN/TC 290, Dimensional and~geometrical product specification and ver
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Introduction

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

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

See ISO/TR

There are
characteris

14253-6 for additional information on the selection of alternative decision rules

different types and variants of rotary axis form-measuring instrument. Thé, n
Lics described in this document apply to all types and variants.

hetrological

© IS0 2024 - All rights reserved
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Geometrical product specifications (GPS) — Rotary axis
form-measuring instruments — Design and metrological

charac

1 Scope

teristics

This docunj
measuring

[t is not ap
systems ar¢

2 Norm

The followi
requiremen

the latest edlition of the referenced document (including any amendments) applies.

ISO 1101,
orientation,

ISO 14253-
measuring 4

ISO/TR 142
measuring 6
workpieces

ISO 14978:
measuring €

ISO/IEC Gy
measureme

ISO/IEC Gu
terms (VIM]

3 Terms

ent specifies the most important design and metrological characteristics of rotary
nstruments.

blicable to coordinate measurement systems as defined by the ISO 10360,se¥ies, v
fitted with a rotary axis or not, except by special agreement.

htive references

ng documents are referred to in the text in such a way that somé.or all of their content]
ts of this document. For dated references, only the edition-eited applies. For undated

Geometrical product specifications (GPS) — Geonietrical tolerancing — Tolerand
location and run-out

b, Geometrical product specifications (GPS) == Inspection by measurement of wor
quipment — Part 5: Uncertainty in verification' testing of indicating measuring instrum

53-6, Geometrical product specifications-(GPS) — Inspection by measurement of wor
quipment — Part 6: Generalized decision rules for the acceptance and rejection of instj
018, Geometrical product specifications (GPS) — General concepts and requireme

quipment

ide 98-3, Uncertaintyyoef measurement — Part 3: Guide to the expression of un
nt (GUM:1995)

de 99:2007, International vocabulary of metrology — Basic and general concepts an

and definitions

r axis form-

vhether the

constitutes
references,

es of form,
kpieces and
ents

kpieces and
uments and
nts for GPS

certainty in

1 associated

For the p

rodses of this dnr‘nmnnf’ the terms and definitions giwnn in ISQO 11{\1' ISO

14978 and

ISO/IEC Guide 99 and the following apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

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

© IS0 2024 - All rights reserved
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3.1 General terms

3.11

rotary axis form-measuring instrument
measuring instrument having a rotary axis and quantifying local form deviations from extracted integral

surfaces in a cylindrical coordinate system

3.1.2
centring
adjusting, in a plane perpendicular to the axis of rotation, the position of the centre point of the workpiece to

be coincident to the axis of rotation of the instrument

Note 1 to entry: See Figure 1.

1 v
3V
L bggb’
6 D 2 9
T o
. . &
___/? AN & .
! N
3
b\
N
a) CXLﬂ&er centring
1 ’\\0
O 2

-

| 4
b) Sphere centring

Key

axis of rotation 5 centre point after centring
revolute workpiece before centring 6  revolute workpiece after centring
centre point before centring 7  orthogonal axis to the axis of rotation

centring displacement

S wWw N R

Figure 1 — Centring

© IS0 2024 - All rights reserved
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3.1.3

levelling
adjusting the centre line of the workpiece to be parallel to the axis of rotation or adjusting the normal vector

to a plane feature of the workpiece to be parallel to the axis of rotation
Note 1 to entry: See Figure 2.

Note 2 to entry: Levelling is often combined with, or followed by, centring in order to bring the axis of the workpiece to
be coaxial with the rotary axis of the instrument.

1 5 1
!
2 | |
e ‘i"\\\
3 ’\\ ‘ \) / |
~ T — 6
’I I ’l : //
| .’ l |
| : | i
| .' | |
| | | .
[ -1 ,l |
k\\\ i \\y — l
\‘T- I \ |
' I
| /
i 4 !
j l
]
Key
1  axis of rptation angular displacement
2 centre line of revolute workpiece before levelling 5 centre line of revolute workpiece after levelling
3 revolutg workpiece before levelling 6  revolute workpiece after levelling
Figure 2 — Levelling
3.2 Ternjs relating to probe-System
3.2.1
stylus
mechanical|device conS$isting of a tip and an arm
4 Designhcharacteristics

4.1 General

This measuring instrument is primarily constructed to acquire form deviations in cylindrical coordinates
through the direct measurement of radial (and axial) deviations. The design characteristics of a rotary axis
form-measuring instrument are described generically in Annex A, and depend on its type.

The cylindrical coordinate system is configured with the longitudinal axis nominally coincident with the
rotary axis and with a nominally perpendicular transverse axis.
NOTE1  See Figure 3.

NOTE 2 Displacements measured along the longitudinal axis are designated as H and are measured from a point
specified by the manufacturer.

© IS0 2024 - All rights reserved
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NOTE 3 Radius, designated as R, is measured from the rotary axis and its basic direction is the transverse axis.

NOTE 4 Rotation angle, designated as 6, is measured from a line with orientation specified by the manufacturer in
the transverse plane.

NOTE 5 Direction along the rotary axis is called “axial direction” for rotary characteristics.
NOTE 6 Outward direction around the rotary axis is called “radial direction” for rotary characteristics.

NOTE 7 Rotating direction around the rotary axis is called “angular direction” for rotary characteristics.

9

Key
1  origin (¢entre position of rotary bearing) 6  rotation-angle (angular distance of transverse axis from
reference axis)
angularjmotion 7 _probing point
axis ling of rotation (longitudinal axis) 8 longitudinal distance (distance of the pjrobing point
from the transverse plane)
4  transvefse axis or radial direction 9  radial distance (of the probing point from the rotary

axis)
5 angular|reference axis in the transverse plafne (6=0)

Figure)3 — Measuring coordinate system

4.2 Types of rotary axis form-measuring instruments

4.2.1 General

There are a number.of different types of rotary axis form-measuring instruments, with variants of each of
these types

4.2.2 Rotating workpiece instrument
Design characteristics of this type of instrument shall be in accordance with Annex A.
Rotating workpiece instruments include the following variants:

a) Vertical axis rotating workpiece instrument on which the workpiece is fixed on a worktable, see
Figure 4.

b) Horizontal axis rotating workpiece instrument, which is a variant of type a), where the longitudinal axis
lies in a horizontal plane, see Figure 5.

c) Vertical axis rotating workpiece between centres, which is a variant of type a), where the workpiece is
rotated between centres instead of on a worktable.

© IS0 2024 - All rights reserved
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d) Horizontal axis rotating workpiece between centres, which is a variant of type b), where the workpiece
is rotated between centres instead of on a worktable.

3
24
9.
6 13
10
5 |
15
1 1= W
o i
12 11 4
Key
1  origin of measuring coordinate system 9  probing point radius\Rfrom rotary axis
2 angularmotion 10 column
3 axisling of rotation 11 base
4  transvefse axis 12 rotary spindle
5  probing|point 13 longitudihal axis motion
6  workpidce 14 tranSyerse axis motion
7  probe 15 woerktable
8  probing|point height H from the top plane of the

worktaljle

Figure 4 — Vertical axis rotating workpiece instrument

Key

1  origin of measuring coordinate system 9 probing point radius R from rotary axis
2 angular motion 10  column

3 axis line of rotation or longitudinal axis 11 base

4  transverse axis direction 12  rotary spindle

5  probing point 13 longitudinal motion

© IS0 2024 - All rights reserved
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6  workpiece

7  probe

8  probing point height H from worktable top plane

14
15

transverse motion
fixture for workpiece on worktable

Figure 5 — Horizontal axis rotating workpiece instrument

4.2.3 Stationary workpiece instrument

The stationary workpiece type instruments include the following variants:

a) Vertical axis stationary workpiece instrument on which the stylus turns around the workpiece, which is
leed OI d VvUIl }\tablc, SCUT FLE ulr (J.

b) Horizo
axis lie

¢) Horizonptal axis stationary workpiece between both centres instrument, which {s'a variant
kpiece is held between centres instead of in a workpiece fixture.

the woi

d) Holein
inside 4

b in a horizontal plane, see Figure 7.

certion with stationary workpiece instrument, a variant of a type where the instru
fixed cylindrical hole on a workpiece, see Figure 8.

tal axis stationary workpiece instrument, which is a variant of type a) in whichrthe longitudinal

bf b), where

ment works

Key

1  origin of measuring/coordinate system 9  probing point distance R from rotary axis
2 angular|motion 10 column

3 axis ling dfrnotation 11 base

4  transverse axis 12 rotary spindle

5  probing point 13 longitudinal axis motion

6  workpiece 14 transverse axis motion

7  probe 15 worktable

8  probing point height H from the origin at the

transverse axis

Figure 6 — Vertical axis stationary workpiece instrument

© IS0 2024 - All rights reserved
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N O U1 W

origin o

angular
axis ling
longitud
probing
workpig
probe
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F measuring coordinate system

motion 9 probing point distane€-from rotary axis
of rotation or transverse axis 10 base

inal axis 11  column

point 12  rotary spindle

ce 13 transverse axis motion

o]

probing point height H fromr-the origin at t
transverse axis

14  adjusting radius

Figure 7 — Horizontal axis stationary workpiece instrument

© IS0 2024 - All rights reserved
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Key
1 origino

N

angular

axis ling
transvel
probing
workpie

N O U oW

probe

4.3 Desiy

4.3.1 Cor

A contact p
and a mova

[ measurement coordinate 8

motion 9

of rotation axis 10

se axis

point 11

ce 12
13

bn characteristics of probe

itact probe

A contact p1
Excessive f

The stylus fipZshould be manufactured from hard, wear-resistant material. It shall be well finisH

Figure 8 — Hole insertion with stationary workpiece instrument

robe consists of a-fixéd part (“main body including transducer”) (see ISO/IEC Guide 9
ble part (“stylus{)which is also called the “measuring element”.

obe needs'@measuring force to maintain contact with the surface throughout the me
rce could.cause bending in the measurement loop and also damage the contacting
surface beifpg measured. The measuring force should therefore be kept as small as possible.

probing point height.Hfrom the origin at 4
transverse axis

radius R of workpiece at the position of th
contacting point

base

rotary spindle
longitudinal motion
axis of the lever type probe

he

e probe

9:2007, 3.7)

asurement.
point or the

ed and free

of flats or other irregularities which could affect the accuracy of the instrument.

The geometrical properties of the contact element shall be sufficient for the use of the measuring instrument.

The default geometry of a stylus tip is a sphere (see Figure 9).

© IS0 2024 - All rights reserved
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Key

1 diamete

ISO 5463:2024(en)

e
\E/

r of cylindrical workpiece 2 tip radius of sphere stylus in any direction

4.3.2 Oth

There are n
measured.
state each @

5 Metro

5.1 Gene

The metrol
are describ
instrument

Figure 9 — Sphere stylus tip geometry

er types of probe

nany different types of probe, which may have limitations on the types-of materials
For rotary axis form-measuring instruments equipped with other probes, the manuf
f the specifications (see Annex E).

logical characteristics

ral

pgical characteristics, other concepts and principles that are common across types 4
ed below. Because the verification of the metrological characteristics may vary de
type and variant, testing and verification\are described in Annex A relating to the

type and v
measures f

A rotary axis form-measuring instrument(can be used to measure many types of geometrig
The instrutpent may, therefore, have many. different metrological characteristics. The supplier

axis form-
characteris
conditions s

NOTE T
not included

The probe
metrologicg

The length

airiant. The testing and verification shallbe carried out as specified in Annex A. T
r these tests are described in Annex.B.

easuring instrument shallispecify the maximum permissible error (MPE) of each 1
Lic. These MPEs apply when the instrument is used in accordance with the rate
tated by manufacturer of supplier and the manufacturer’s recommendations.

he manufacturer or supplier does not need to specify MPE values for metrological characteri
in the instrument functions or in the required measurements on the target workpiece.

brror is présented in 5.4, separately from Annex A, due to its potential contributor
| characteristics of a rotary axis form-measuring instrument.

init.of metrological characteristics is micrometres, by default.

that can be
acturer can

nd variants
pendent on
instrument
he material

al features.
of a rotary
hetrological
1 operating

stics that are

to all other

5.2 Rating operating condition

5.2.1 Environmental conditions

Limits for permissible environmental conditions that influence the measurements (e.g. temperature
conditions, humidity, vibration and ambient lighting at the site of installation) shall be specified by:

— the manufacturer, in the case of acceptance tests;

the use

r, in the case of reverification tests.

In both cases, the user is free to choose the environmental conditions within the specified limits given in the

instrument

data sheet under which testing to this document will be performed.

© IS0 2024 - All rights reserved
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The user is responsible for providing the environmental conditions as stated by the manufacturer in the data
sheet. If the environment is not within the rated operating conditions, then conformity or nonconformity
decision cannot be made unless the rated operating condition are met.

5.2.2 Operating conditions

The instrument shall be operated using the procedures given in the manufacturer’s operating manual when

conducting

the tests given in Annex A.

5.3 Correction of form deviations on material measure

As discussed in Annex B, many of the measurement standards needed for verifying conformity to

specificatio

should bhave small form deviations. The form deviations contribnte to the m

casurement

uncertainty
the test ung

NOTE
standards:

a)
b)
9

T

compen
reversa

multi-st

of the test values. To reduce the contribution of the form deviations on the material
ertainty, this document allows correction of the form deviations.

he following methods are typically used for correction of the form deviation’of the n

sation of the calibrated profile method;
error separation method (see ISO 230-7 and references [21],[22],[25]cand [27]);

ep error separation method; (see references [23],[24],[25],[27],[28] and [32]).

5.4 Proble characteristics

5.4.1 Reference point

Where app
for setting
document 4
and the refq

5.4.2 Prd

5421 G

The probe
any angulal
measuring
the calibrat]

The MPE of
supplier.

icable, the probe used for form measurements shall be provided with user-acces
the probe to zero or to the reference point: The metrological characteristics descr

measure to

neasurement

tible means
ibed in this

pply when the probe is properly set in‘accordance with the manufacturer’s recominendations,

rence point is considered fixed whehlverifying the metrological characteristics.
be error

pneral

error (Ep) is the errorof indication when the probe is in contact with a material n
motion of the material measure or of the stylus depending on the type of the rotar
nstrument. Thé)probe error is calculated as the signed deviation of the probe indi
ed referencéwalue of a material measure.

probe_error shall be specified in at least one measuring range stated by the mant

heasure, for
y axis form-
cation from

ifacturer or

NOTE1 T

heprobe error can include the sensitivity error, the linearity error, the instrumental drift, t

he resolution

or digital step, the repeatability, the measurement noise, the hysteresis error and the dynamic response (see Annex C).

NOTE 2

The probe error is a contributor to all metrological characteristics of the instrument.

The sensitivity shall be adjusted following the manufacturer’s recommendations prior to the probe error test.

5.4.2.2 Test method

5.4.2.2.1

Test points and range

The verification test of probe errors shall be carried out with five or more test points. The test points shall
be well distributed, as evenly as practicable, throughout the measuring range of the probe (see Figure 10).
The test points shall cover at least the central 75 % of the measuring range of the probe.

© IS0 2024 - All rights reserved
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The reference point of the probe shall be at the centre (zero point) of its measuring range. This reference
point shall be located on the reference plane of the standard and be one of the test points.

3

4

5
Key
1  actual djsplacement 5 measuring range of probe
2  probe efror curve 6  testpoint
3  probe efror 7  reference point
4  testrange

Figure 10 — Analysis of probe error

5.4.2.2.2 |[Testdirection and location
The user is free to choose the probing direction (horizontal or vertical) for the probe error verif]

if not stated

5423 M

When testi
results and
Annex B. TH

If each targ
an accuratg
the measur
measures a

5424 M

otherwise by the manufacturer.

easurement standard and testing procedure

hg conformity to specifications, sufficient testing shall be used to establish confid
the tester may choose suitable instruments or measurement standards from those ¢
e instrument or measurement standard used shall cover the range to be tested.

bt step of displacement has a different probing position, the probing positions should

(rotary, lorgittdinal or transverse) traversing motion. Probe error shall be calci
ed length-difference of each displacement. Typical procedures of each instrument a
e also shewn in Annex B.

PE-function

ication test,

ence in the
lescribed in

be set along
hlated from
nd material

5.4.2.4.1

General

Maximum permissible probe error, Ep \pg, is a two-sided MPE function as shown in ISO 14978:2018, 7.2.

© IS0 2024 - All rights reserved
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5.4.2.4.2 Proportional value MPE functions
Upper limit MPE:
Epympg =+ (a + |Lx D)
Lower limit MPE:
Epympg = - (@ + |Lx b))
5.4.2.4.3 Constant value MPE functions
Upper limit[MPE:
Epmpe q+ a
Lower limi{ MPE:
Epmpe -4
5.4.2.4.4 |Proportional value MPE functions with probe range
Upper limit|MPE:
Epypg o+ (@ + |Lx b|) / (probe range)
Lower limi MPE:
Epmpg - (@ + [Lx b]) / (probe range)
where
a dre positive constants stated by the manufacturer;
b is a dimensionless positive constant stated by the manufacturer;
L is the actual displacenient in micrometres (L = 0 at the reference point)
The MPE of the probe ertor can also be indicated as a percentage of the measuring span st
manufactufer when théMPE is intended to indicate using constant value. The MPE of the prol

also be indi

6 Deter

rated asapercentage with proportional measuring span.

mination of conformity to specification

ated by the
e error can

6.1 General

All errors of indication associated with the metrological characteristics shall conform to the specified

MPE values

6.2 Measurement uncertainty

Evaluation of measurement uncertainty shall be performed in accordance with ISO/IEC Guide 98-3. When
determining conformity with specification, the measurement uncertainty associated with a test value (the
test value uncertainty) shall be evaluated in accordance with ISO 14253-5. Additional guidance is available
in ISO 14978:2018, Annex D.

© IS0 2024 - All rights reserved
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6.3 Decision rule

When demonstrating conformity or non-conformity to specifications, the decision rule accompanying the
specifications shall be followed. If no decision rule is stated in the specifications, and no special agreement is
made between supplier and customer, then the default decision rule shall be simple acceptance and rejection,
with the measurement capability index, C,,, being one or larger, in accordance with ISO/TR 14253-6.

NOTE Information on the selection of an alternative decision rule can be found in ISO/TR 14253-6.

© IS0 2024 - All rights reserved
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Annex A
(normative)

Design and metrological characteristics for rotating workpiece
instruments

A.1 Design characteristics

The design|of this type of rotary axis form-measuring instrument shall follow the general|gpidelines in
[SO 14978. [The design shall be such that the metrological characteristics conform to therequlirements of
this document.

Table A.1 gives a list of design characteristics for this type of rotary axis form-measuring |nstrument.
Relevant design characteristics should be specified when communicating requirenients.

Table A.1 — List of design characteristics

Design characteristics
Component Description Unit
Height mm
Ovefall dimensions Width o
Depth mm
Mass (weight) kg
AC line voltage \
Maips connection AC line frequency Hz
Apparent powerinput VA
Maximum,test diameter mm
Megsuring range Maximum measuring length on longitudinal axis mm
Maximum measuring length on transverse axis mm
Rotational speed (w.,) Hz or r/mjn
Trayersing speed Traversing speed on longitudinal axis mm/s
Traversing speed on transverse axis mm/s
Size or diameter mm
Loafing tablé Load capacity N (or kg]
Centring range mm
Levelling range degree
Probe type (contact or non-contact) -
Probe Maximum measuring range of probe mm or pm
Stylus tip radius on a contact probe, or a half of effective
spot size on a non-contact probe mm orpm

NOTE1 Table A.1 shows the most important design characteristics for a rotating workpiece form-measuring
instrument. It is possible that some of these characteristics are not applicable to some variants.

NOTE 2 In addition to the characteristics shown in Table A.1, other design characteristics can be specified by the
manufacturer, depending on the application.

© IS0 2024 - All rights reserved
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A.2 Metrological characteristics

A.2.1 General

The following metrological characteristics are complementary to the probe error :

radial error (see A.2.2);
axial error (see A.2.3);
longitudinal straightness error (see A.2.4);

parallelism error (see A.2.5);

transvg

squarel

Many of the metrological characteristics described in this Annex can be measured with

measureme
from the m

Once the m
be used to s

In a few casg
when radia

A.2.2 Radial error

A2.2.1 G¢

The radial
obtained fr
of a measun

The radial 4

NOTE1 R
proportiona
from tilt err

rse straightness error (see A.2.6);

hess error (see A.2.7).

nt uncertainty if error separation techniques are used to minimize uneertainty cd
pasurement standard.

ptrological characteristics have been determined, computer aidedaccuracy techniqu
oftware correct the instrument to meet the manufacturer’s spédification.

es, such error separation techniques are part of the instrument's normal operation,
error separation techniques are used to measure high\precision components.

bneral

error (Eg) is the peak-to-valley roundmiess deviation, RONt (see ISO 12181-1) thg
bm a longwave-pass filtered roundness profile of a perfectly round and perfectly cen
ement standard in a direction perpendicular to the axis of rotation.

rror shall not exceed the maximum permissible radial error.

ndial error can consist of “pure radial error”, which is typically described as “radial motio
ly dependent error, called “tilt error” (see Figure A.1). Radial motion error cannot be separat
I.

adial error can include the effect of “closure error” (see reference [31]).

ndial error camalso be influenced by probe error and the remaining errors in centring as uncer

ndial error’is a contributor to the measurement uncertainty of roundness or cylindricity o

a smaller
ntributions

es may also

for instance

t would be
'red section

h error”, and
bly evaluated

tainty effect.

bserved on a

NOTE2 R
NOTE3 R
NOTE4 R
workpiece.
NOTE5 T
NOTE 6

It erroralso affects avial errorand can be assessed hy verification of either radial or axial el

the environment or measurement process.
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Key

1  origin of measuring coordinates 8  nominal height of probing peint from orig
2 angular/motion 9  distance of the probingpoint from rotary
3 axis ling of rotation 10 centre of probing réundness profile

4  transvefse axis 11 worktable or transverse reference plane
5  centre gosition of tilt error 12 rotary spindle

6  hemisplere or sphere measurement standard 13 actual probing height from tilt error centr
7  probe 14 tilt error at height

Figure A.1 — Principle of reference point of tilt error

A.2.2.2 T¢st method

A.2.2.2.1 [General

Radial errof shall be tested by measuring the roundness profile around a roundness standard, fo
precision sphere or hemisphere (se¢ Figure A.2).

n

hXis

r example a
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3
9 7
S
>
2 D
. 74\ el
| 10
8~ \d 2 |13
TN
gl | S
R
12 ' 14
Key
1  origin of measuring coordinates 8 measurement standard (sphere.or hemisp
2 angular|motion 9  distance of the probing pointfrom rotary
3  axis lind of rotation 10 height H; of probing pointfrom origin
4  referende axis on the transverse plane when testingat 11 origin of measuring coerdinates and the c
H, (pardlleled to transverse axis) roundness standardwhen testing at H,
5 measur¢d position of rotary axis on transverse plane 12 spacer whentesting at H,
6  angular|distance from reference axis 13 height H, éP’probing point from origin
7  Probe 14 referenceaxis on the transverse plane wh
H,
Figure A.2 — Test method for radial error

A.2.2.2.2 [lestpoints and conditions

The verific
small meas

Probe configuration, orientation, direction, rotation speed and testing set-up conditions of the

should be s

A2.2.2.3

The radial ¢
and may be

the radial e

a) Hpasc

ition test of radial error shall he carried out with a measuring process that has a
Irement uncertainty.

pecified by the manufacturer or supplier.

Test position

error may include tilt error, which is a proportional error. Tilt error also affects the
assessed-by the evaluation of either radial or axial errors. To assess the tilt error cd
Fror, measurements should be taken at two different positions in the longitudinal axi

ose'to zero of the longitudinal axis as practicable (the height of the standard is accep

here)

hXis

bntre of

bn testing at

sufficiently

instrument

axial error
mponent of
s direction:

table);

b) H, =larger or equal to one half of the maximum travel of the longitudinal axis.

Some instruments may have a longitudinal axis with a very long maximum travel. When the maximum
travel of the longitudinal axis of the instrument is greater than 400 mm, the set-up of the measurement
standard for this test may be unstable. In this case, it is acceptable to locate H, at least 200 mm from H; in
the longitudinal direction.

A.2.2.3 Measurement standard and testing procedure

The radial error shall be tested with a suitable measurement standard with an appropriate uncertainty.
Typical measurement standards are shown in Annex B. When testing conformity to specifications, sufficient
testing shall be used to establish confidence in the results.

© IS0 2024 - All rights reserved
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The reference fit for calculating the radial error shall be the least-squares reference circle (LSCI) (see

[SO 12181-1).

This error is calculated as the RONt of the measured roundness profile of the roundness standard (artefact)
after error separation of artefact form if required (see Figure A.3). Unless otherwise specified, the default
filter condition is 1-50 UPR, Gaussian. The number of sample points and the ratio between the diameter, d, of
the reference circle and the radius, r, of the stylus tip shall be chosen to avoid the distortion of the roundness

profile from the influence of the stylus tip.

The test measurement shall be repeated three times without changing measurement set-up (e.g. realignment,
removing reference standard) and none of the three results of the measurement shall exceed the maximum

permissible radial error.

H

a) Evaluation method

b) Radial error on polar char

Ll

Key
1  axis of rptation 5  circumscribed circle with the reference ceptre
2 roundngss standard 6  inscribed circle with the reference centre
3 roundngss profile as it has héen modified by a filter =~ 7  RONt with the reference circle centre
4  least-sqpares reference circle 8 probe
9  associated derived centre (see ISO 12181-1:2011)
Figure A.3 — Evaluation analysis method of radial error on polar chart
A.2.2.4 MPE functions

Maximum permissible radial error may be indicated in one of two different forms as follows (see ISO 14978):

a) ER,MPE=a+HXb

b) Ejmp=¢

© IS0 2024 - All rights reserved
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are positive constant stated by the manufacturer or supplier;

is a dimensionless positive constant of proportionality for tilt error and is supplied by the manu-

facturer or supplier, which is stated proportionally based on the characteristics at the test position
I(Hlll and HHZH;

H

NOTE

is an absolute displacement of the probing point from the reference point in millimetres.

The performance of the rotational axis can depend on the load of the workpiece. The manufacturer or

supplier can specify more than one radial error MPE value for different spindle loading conditions as another rated
operating condition (see ISO 14978:2018, 6.1.5.3).

A.2.3 Axilal error

A.2.3.1 G¢

The axial ¢
profile mea
axis. The ax

NOTE1 A
proportiona
NOTE2 A

bneral

rror (E,) is the axial circular run-out that would be obtained from @longwave-p
sured on a perfectly flat measurement standard whose surface is perfectly square t
ial error shall not exceed the maximum permissible axial error.

kial error can consist of “pure axial error”, which is typically described as “axial motion
ly dependent error, called “tilt error”. Tilt error cannot be evaluatéd separately from axial er

xial error can include the effect of “closure error”, which is\the axial difference between th

at the starting and end points of the flatness profile. “Closure errgr’'is usually caused by instrume

ISO/IEC Guid

NOTE3 T
measuremer|

A.2.3.2 Tg

A.2.3.2.1

The axial ey

e 99:2007, 4.21).

bst value of axial error can be influenced by probe error, resolution or digital step, i
t noise, flatness of the standard and levelling ertor.

st method

General

ror shall be tested by meastiring axial circular run-out on a flatness standard (see Fij

a centred spherical standard (see A:2:3.2.3).

ass filtered
b the rotary

error”, and a
ror.

b axial offset
nt drift (see

epeatability,

bure A.4) or

Key

1  origin of measuring coordinates 6  angular distance of transverse axis from reference axis
2 angular motion 7  probe

3 axis line of rotation or longitudinal axis 8  height of probing point from transverse plane

4  transverse axis or radial direction 9  distance of probing point from rotary axis

5 reference axis on the transverse plane 10 measurement standard

Figure A.4 — Test method of axial error
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A.2.3.2.2 Test points and condition

The verification test for axial error shall be carried out with a measuring process that has a sufficiently
small measurement uncertainty.

Probe configuration, orientation, direction, rotation speed and the test set-up conditions of the instrument
should be specified by the manufacturer or supplier.

A.2.3.2.3 Test position

The axial error may include tilt error, which is a proportional error. Tilt error also affects the radial error
and may be assessed by the evaluation of either radial or axial errors. It is recommended that the tilt error
component is assessed as part of the radlal error (see A.2.2.2. 2) Where tilt error has been assessed as part

of the radia
practicable

For this tes
Where tilt
measurems

R, =lar

(for “ pure axial motlon error’ evaluatlon)

t, either a centred spherical roundness standard or a levelled flatness standard m
error is to be assessed by two axial measurements on a levelled flatness standard,
nt position should be chosen as R;:

ger or equal to a half of maximum travel in transverse axis direction

ary axis) as

ay be used.
the second

Some instryiments may have a transverse axis with a very long maximumctravel. When maximyim travel of

transverse
position mg

A233 M

nxis of the instrument is greater than 100 mm, the set-up df'the measurement stan

leasurement standard and testing procedure

The axial efror shall be tested with a suitable measuremént standard with an appropriate m
uncertainty. Typical measurement standards are shewn in Annex B. When testing cof
specifications, sufficient testing shall be used to establish confidence in the results.

When testi
measurema

Axial error
(see Figure

The test me
removing r
permissiblg

E

nt standard.

s calculated as the circular run-out of the measured circular profile of the measurem¢
A.5). Unless otherwise specified, the default filter condition is the same as the radial

asurement shall be repeated three times without changing measurement set-up (e.g.r
eference standard) afid none of the three results of the measurement shall exceed th
axial error.

y be unstable. In this case, R, is located at 50 mm from Ryyin'the transverse directiorn].

g at the test position R;, a centred spherical roundness standard is acceptablg

dard at this

pasurement
(formity to

to use as

nt standard
error.

palignment,
e maximum

© IS0 2024 - All rights reserved
20


https://standardsiso.com/api/?name=638103f4e8e336e4e010156139cca237

ISO 5463:2024(en)

1
3
2
/
|
\ | 5
- \
77\
N /
N -
a) Evaluation method b) Axiaberror polar chart
Key
1  axis of rptation 7  inscribed\circle with the reference centre
2 measur¢ment standard 8 run-ouf-of the polar axial profile on the centre of
medsurement standard
3 measur¢d profile of axial displacement 9 _polar profile of axial displacement on the fotary centre
of measurement standard
referenge centre on axial displacement equal zero 10 minimum value of the axial displacement
5 axial digplacement 11 maximum value of the axial displacement

circumsgribed circle with the reference centre

Figure A.5 — Evaluation analysis method of axial error and polar chart

A.2.3.4 M]PE functions
Maximum germissible axial‘€¢/ror may be indicated as follows (see ISO 14978):

EA,MPE 34+ R Xb

where

a is apositivetonstantstated by the manufacturer orsupptier;

b isadimensionless positive constant of proportionality for tilt error and is supplied by the manufac-
turer or supplier;

R isthe measured positional radius expressed in millimetres.
NOTE The performance of the rotational axis can depend on the load of the workpiece. The manufacturer or

supplier can specify more than one axial error MPE value for different spindle loading conditions as another rated
operating condition (see ISO 14978:2018, 6.1.5.3).
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A.2.4 Longitudinal straightness error

A.2.4.1 General

The longitudinal straightness error (Eg; ), is the peak-to-valley straightness deviation, STRt (see ISO 12780-1)
on a longwave-pass filtered straightness profile in the longitudinal axis of a perfectly straight measuring
standard aligned parallel to the rotary axis. This longitudinal straightness error can only be specified if the
instrument is equipped with a motorized longitudinal axis.

The longitudinal straightness error shall not exceed the maximum permissible longitudinal straightness error.

NOTE1 Longitudinal straightness error can include probe error, resolution or digital step, repeatability,
instrumental drift and straightness of straightness standard.

NOTE 2  Lpngitudinal straightness error is a contributor of measurement error of straightness, \cyjlindricity or
parallelism ¢f generatrix observed on a workpiece.

A.2.4.2 Test method

A.2.4.2.1 [General

The longitydinal straightness error shall be tested by measuring a straightness profile or] a suitable
straightnesk standard (see Figure A.6).

2

S
<~

4

Key
1  origin of measuring coordihates 6  probe

2 axis lind of rotation ordongitudinal axis 7  lowest height of probing point from the transverse
plane

3 transverse axis oinradial direction 8  minimum radius of probing point from rotary axis
referende axis\pn the transverse plane 9  traversing direction of longitudinal axis

5 angular|distance of transverse axis from reference axis 10 longitudinal traversing length

Figure A.6 — Test method of longitudinal straightness error

A.2.4.2.2 Test points and condition

The verification test of the longitudinal straightness error shall be carried out with a sufficient number of
test points and with a measuring process that has a sufficiently small measurement uncertainty.

Probe configuration, orientation, direction, rotation speed and set-up conditions of the instrument should
be specified by the manufacturer or supplier.
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A.2.4.2.3 Testlength and position

The evaluat

ion length L of this error shall be stated by the manufacturer or supplier.

Unless otherwise specified, the evaluation length L shall be as long as practicable relative to the maximum
traverse of length of the longitudinal axis.

The evaluation length used in testing shall be greater than 90 % of the evaluation length stated by the
manufacturer.

The measurement line on the straightness standard should be aligned as close as practical to the rotary axis.

A.2.4.3 Measurement standard and testing procedure

The longitllldinal straightness error shall be tested with a suitable measurement standa

appropriatg
testing con
The measur

This error

straightnes
[SO 12780-]
[SO 12780-]
tip radius n

measurement uncertainty. Typical measurement standards are shown incAbng
formity to specifications, sufficient testing shall be used to establish confidénce in
ement standard used shall cover the evaluation length.

s calculated as STRT (see ISO 12780-1:2011, 3.5.1) of the measured straightness p

rd with an
x B. When
the results.

rofile of the

5 standard (see Figure A.7). The reference fit should be least-squake$ straight line
). Unless otherwise specified, the default filter condition is longwave-pass, L, = 2,5 m
P gives the maximum sample point spacing that shall be used forthe extracted line a

peded to avoid distortion of the straightness profile from thédnfluence of the stylus t

14

3 11

13
12

10

(LSLI) (see
, Gaussian.
d the stylus

ip.

Key

angular

B wWw N R

origin of measuring coordinates

axis line of rotation
transverse axis or radial direction

motion longitudinal straightness profile
10

11
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5 reference axis on the transverse plane 12 maximum minus deviation of longitudinal straightness
profile

6  angular distance of transverse axis from reference axis 13 maximum plus deviation of longitudinal straightness
profile

7  lowest height of probing point from transverse plane 14 longitudinal straightness error

Figure A.7 — Evaluation analysis method for longitudinal straightness error

A.2.4.4 MPE functions

Maximum permissible straightness error; Eg; ypg may be indicated in the following form.

Es1, mpE
where

a :

L i
A.2.5 Par
A.2.51 G¢

The paralle

= a/L

ire positive constant stated by the manufacturer or supplier;

s the evaluation length in millimetres stated by the manufacturer.or'supplier.

allelism error

bneral

lism error (Ep,g) is the parallelism between the’axis of rotation and the associg

longitudinall axis within the measurement range.

NOTE1 T
cylinder tapg
NOTE2 P

parallelism ¢

The paralle
A.2.5.2 Tg

A.2.5.21

This error 9
a) Straig

specifie

he measurement of parallelism error includes\probe error, instrumental drift and the cyli
r of the cylindrical standard.

hrallelism error is an uncertainty contributor to the measurement of cylindricity, cylin
f the generatrix observed on a workpiece.

ism error should not exceedthe MPE with the specified testing condition.
st method

General
hall be testeduusing one of the following two methods.

ness méasurement profile: this error is described as the measured travel differen

i
directign on-longitudinal straight lines with respect to the axis of rotation. This error

d.if the instrument equips motorized longitudinal axis.

ted LSLI of

ndricity and

der taper or

ce in radial
tan only be

b)

CYLtt: this error is calculated as the measured cylinder taper, CYLtt, when using the rotary axis form-

measuring instrument to measure a perfectly cylindrical standard which is perfectly aligned to the axis
of rotation.

A.2.5.2.2 Test of straightness case

A.2.5.2.2.1

General

The parallelism error of this case shall be tested by measuring a straightness profile on a suitable
straightness standard that has been accurately centred and levelled to the rotary axis (see Figure A.8).
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1
3

/

Key
1  axis of rptation
2 measur¢ment standard
3  probe
Figure A.8 — Test method of parallelism error by straight line
A.2.5.2.2.2| Test points and condition of straight lines

The verific:

straight lin
have suffici

Probe conf]

instrument

When the 1

A.2.5.2.2.3

The evaluat

Unless othe
maximum t
error over &

ition test for parallelism error shall bercarried out with a sufficient number of tes
e by a straightness standard to evatuate parallelism. The measuring process of this
ently small measurement uncertainty.

jguration, orientation, direction, measurement speed and the test set-up condif]
should be specified by thé manufacturer or supplier.

ngitudinal axis drivés'to collect measurement data, it shall be motorized.

Test length and position of straight line
ion length ¥-of this error shall be stated by the manufacturer or supplier.

rwisg Specified, the evaluation length L of this error shall be larger or equal to
raverSing length of the longitudinal axis. It might not be practicable to measure the
length greater than 200 mm when the specification of the instrument is greater th

t points on
test should

ions of the

half of the
parallelism
hn 400 mm.

In such cases, L is acceptable to be 200 mm anywhere within the longitudinal axis as selected by the user.

The evaluation length used in testing shall be within 90 % to 110 % of the evaluation length stated by the
manufacturer.

A.2.5.2.2.4

Measurement standard and testing procedure of straight line

The parallelism error shall be tested with a suitable measurement standard with an appropriate
measurement uncertainty. Typical measurement standards are shown in Annex B. When testing conformity
to specifications, sufficient testing shall be used to establish confidence in the results. The measurement
standard used shall cover the evaluation length.
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This error is calculated using reference lines fitted to measured straightness profile of the straightness
standard. The reference fit should be LSLI (see ISO 12780-1). Unless otherwise specified in case of selecting
two straight lines, the default filter condition is longwave-pass, L, = 2,5 mm, Gaussian. ISO 12780-2 gives the
maximum sample point spacing that shall be used for the extracted line and the stylus tip radius needed to
avoid distortion of the straightness profile from the influence of the stylus tip (see Figure A.9).

I'5
1 6 |
/
;
/
]
3
2
Key
1  axis of rptation 4  measurement line located on 0 degree
2 measurg¢d displacement 5 least squares straight line
3 evaluatipn length 6  measured travel difference in radial direct
Figure A.9 —Evaluation method of parallelism error by straight line
A.2.5.2.2.5| Correctionofalignment error of material measure of straight line
The materifil measure of straight line needs to be aligned with the axis of rotation for this test

minimize te
or user can

st uricertainty. However, this perfect alignment is typically not so easy. The manufa
take.the correction of this alignment error using correction method. For example, t

ion

in order to
cturer and/
wo straight

line testis n

ecammended

This parallelism error is described as half the sum of measured travel difference in radial direction on two
longitudinal straight lines, one is on zero degree rotary position, and the other is on 180° rotary position,
when measuring longitudinal straightness profiles without levelling each of the lines (see Figure A.10).
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1
3
2 /
|

i

i

i

i

|

i

T

| \

4
Key
1  axis of rptation 4  measurement linelocated on 0 degree
2 measur¢ment standard 5 measurementiine located on 180 degree
3  probe
Figure A.10 — Test method of parallelism(@rror by two straight lines

This error is calculated using averaged reference linestfitted to two measured straightness pr
straightnesk standard (see Figure A.11).

bfiles of the
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-I.

!5

Key

1 axisofr
2  measur
3  testleng
4  measur

Figyre A.11 — Evaluation miethod for analysing parallelism error by two straight1

A.2.5.2.3 [lest of CYLtt case

A.2.5.2.3.1

The parallg
been accurd

ptation

bd displacement
th

bd profile at 0 degree

General

5
6
7

lism error shall be tested by measuring roundness profiles on a cylindrical standa
tely cenitred and levelled to the rotary axis (see Figure A.12).

averaged least-squares straight line
measured travel difference in radial direct

measured profile at 180 degree

ion

nes

rd that has

28
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1 origino
2 angular
3 axisling
4

transvel
5 referen

6  angular

A.2.5.2.3.2

The verific:
measuring
of this test

Probe configuration, orientatien, direction, rotation speed and the test set-up conditions of the

should be s

A.2.5.2.3.3
The test seq

The evaluat

7
12
|<—> 5
f measuring coordinate 7  probe
motion 8  height of the lowest traced roundness pro
of rotation or longitudinal axis 9  distance of the/probing point from rotary
se axis or radial direction 10 roundnessprofile without radius correcti
lowest height

e axis on the transverse plane 11 roundness profile without radius correctic

distance of transverse axis from reference axis 12

Test points and condition of CYLtt

pecified by the myanufacturer or supplier.

Test length and section of CYLtt

highest height

evaluation length on the cylinder

Figure A.12 — Test method of parallelism error by CYLtt

ition test for parallelism errox shall be carried out with a sufficient number of test
three or more cross-sections'on a cylindrical standard to evaluate taper. The measur
hould have sufficiently'sihall measurement uncertainty.

tions:should be evenly distributed, as far as is practicable, over the evaluation length

iomlength L of this error shall be stated by the manufacturer or supplier.

ile
hXis

n on the

n on the

points with
ing process

instrument

Unless otherwise specified, the evaluation length L of this error shall be larger or equal to half of the
maximum traversing length of the longitudinal axis. It might not be practicable to measure the parallelism
error over a length greater than 200 mm when the specification of the instrument is greater than 400 mm.
In such cases, L is acceptable to be 200 mm anywhere within the longitudinal axis as selected by the user.

The evaluation length used in testing shall be within 90 % to 110 % of the evaluation length stated by the
manufacturer.

A.2.5.2.3.4 Measurement standard and testing procedure of CYLtt

The parallelism error shall be tested with a suitable measurement standard with a measurement uncertainty
appropriate for the specification of the instrument. Typical measurement standards are shown in Annex B.
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When testing conformity to specifications, sufficient testing shall be used to establish confidence in the
results. The measurement standard used shall cover the evaluation length.

This parallelism error is calculated as the largest local cylinder taper, CYLtt (see ISO 12180-1:2011, 3.5.2.5
and Figure A.13). The reference fit shall be the least-squares reference cylinder (LSCY). Unless otherwise
specified, the default filter condition is 1-50 UPR, Gaussian. The number of the sample points and the ratio
between the diameter, d, of the reference circle and the radius, r, of the stylus tip shall be chosen to avoid the
distortion of the roundness profile from the influence of the stylus tip.

3 4 2——<|<—

@E/ >

/,.—

1"::1::::1:1“"‘/

—
i}%
=

Key

1  least-sqpares reference circle on the local cross-section4. <’ reference axis of least-squares reference cylinder on
the cylindrical measurement standard

2 radius of the least-squares reference circle on theflocal 5  associated straight line through the local rpdii
cross-sqction

3 measur¢d profile on the local cross-section 6  largestlocal cylinder taper
Figure A.13 — Evaluation method for analysing parallelism error by CYLtt

A.2.5.3 M]PE function

Maximum germissible parallelism error, Ep,p, \pg, may be indicated in the following form.

Epar mpf = a/L

where
a are positive constants, stated by the manufacturer or supplier;
L is the evaluation length in millimetres, stated by the manufacturer or supplier;
NOTE The performance of the rotational axis can depend on the load of the workpiece. The manufacturer or

supplier can specify more than one parallelism error MPE value for different spindle loading conditions as another
rated operating condition (see ISO 14978:2018, 6.1.5.3).
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A.2.6 Transverse straightness error

A.2.6.1 General

The transverse straightness error (Egg) is the peak-to-valley straightness deviation, STRt, (see ISO 12780-1)
of a longwave-pass filtered straightness profile of a nominally perfectly flat measurement standard
aligned perfectly perpendicular to the rotary axis when measured in the transverse axis. The transverse
straightness error shall not exceed the MPE with the specified testing measuring condition. This transverse
straightness error is only specified if the instrument is equipped with a motorized transverse axis.

NOTE1 Transverse straightness error includes probe error, resolution or digital step, hysteresis error, repeatability
and instrumental drift.

NOTE 2  TamsSverse Straigitness erTor 1S alT UTCET taiIty COMTibutor to the MeaSuTenent of straigitness, flatness
or perpendidularity to the centre axis observed on a workpiece.

A.2.6.2 Te¢st method

A.2.6.2.1 [General

The transverse straightness error shall be tested by measuring a straightness profile on a suitable
straightnesp standard (see Figure A.14).

3
10 9 12 13 11" 7

Key

1  original|point of measurement coordinates 8  height of probing point from transverse plane
2 angular|motion 9  radius of starting position from rotary axis

3 axis ling of rotation or longitudinal axis 10 traversing direction of longitudinal axis

4  transvefse axis or radialdiréction 11 probe at starting position of traverse

5 referende axis on the transverse plane 12 traversing length on flat end of cylinder

6  angular|distance @f transverse axis from reference axis 13 probe at first position of traverse

7  probe at endingposition of traverse

- At —T trodf it

A.2.6.2.2 Test points and condition

The verification test of the transverse straightness error shall be carried out with a sufficient number of test
points and with a measuring process that has a sufficiently small measurement uncertainty.

Probe configuration, orientation, direction and set-up conditions of the instrument should be specified by
the manufacturer or supplier.
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A.2.6.2.3 Testlength and position

The evaluation length L of this error should be stated by the manufacturer or supplier. Unless otherwise
specified, the length should be as close as practicable to the maximum travel of the transverse axis.

A.2.6.3 Measurement standard and test procedure

The transverse straightness error shall be tested with a suitable measurement standard having an
appropriate measurement uncertainty. Typical measurement standards are shown in Annex B. When
testing conformity to specifications, sufficient testing shall be used to establish confidence in the results.
The measurement standard used shall cover the evaluation length.

The measurement standard should be levelled to be perpendicular to the axis of rotation.

This error if calculated as the STRt (see ISO 12780-1:2011, 3.5.1) of the measured straightness plrofile of the
straightnesp standard (see Figure A.15). Unless otherwise specified, the default filter condition if longwave-
pass, L, = 4,5 mm, Gaussian. ISO 12780-2 gives the maximum sample point spacing thatishall |be used for
the extracted line and the stylus tip radius needed to avoid distortion of the straightness prof]le from the
influence of the stylus tip.
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Key
1  origin
angular
axis ling
4  transvel
5 refereng
6  angular
7  lowest}
transvel
profile d
8  minimu
9  starting
profile y
A2.64 M

Figure-A.15 — Evaluation analysis method of transverse straightness error
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E Tunction

The maximum permissible straightness error, Egg \pg, may be indicated in the following form.

ESR,MPE

where

a

L

=a/L

is the evaluation length in millimetres.

is a positive constant stated by the manufacturer or supplier;
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If the MPE functions are specified at one or more fixed evaluation lengths that are much shorter than the
total traversing length, then the straightness error shall be evaluated in three positions: one shorter zone,

one middle

zone and one longer zone in the total traversing length.

A.2.7 Squareness error

A.2.7.1 General

The squareness error (Eg,) that is calculated between the reference line (a radial line formed by the
intersection of the traversing plane of the probe tip and the transverse plane) and the least-squares line of a
measured, longwave-pass filtered straightness profile of a measuring standard in the transverse axis.

NOTE 1

The squareness error includes probe error and instrumental drift.

NOTE2 S
observed on

A.2.7.2 Te

A2.7.21

The square
adjusted to
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other meth

A.2.7.2.2

The verifica
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Probe conf
manufactuy
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Juareness error is a contributor of measurement of flatness or perpendicularity to"ths
a cylinder type workpiece.

st method

General

hess error shall be tested by measuring on a suitable straightness standard, whic
be perpendicular to the rotary axis (see Figure A.14).

method of assessing this error uses a straightness measurement. While not precludin
pds, this document describes the straightness measurément method.

Fest points and condition

tion test of the squareness error shall be carried out with a sufficient number of tes
uring process that has a sufficiently small measurement uncertainty.

guration, orientation, direction and‘instrument set-up conditions should be spec
er or supplier.
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specified, the length should beas.close as practicable to the maximum traverse length of the tran|

A.2.7.3 Measurementstandard and testing procedure
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The squareness error is calculated as the height difference between the starting position and the end
position of the least-squares mean line of the vertical deviation measured on the level-adjusted straightness
standard (see Figure A.16).
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Figure A.16 — analysis®f squareness error

Correction of alignment error of material measure of straight line

il measure of straight line needs-to be aligned with the axis of rotation for this test
st uncertainty. However, thiS\pérfect alignment is typically not so easy. The manufa
take the correction of thigalignment error using a correction method. For example, t
ecommended.

bness error is deséribed as half of the sum of the difference in height between {
1 the end positionof the two least-squares mean lines of the vertical deviation meas
5 standard, one.js on zero degree rotary position, and the other is on 180° rotary po{
ongitudinal,Straightness profiles without levelling each of the lines.

s calculated using averaged reference lines fitted to two measured straightness pr
5 standard (see Figure A.17).
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4
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7
3
Key
axis of rptation of longitudinal axis 6  measured profile ab0 degree
referende axis on transverse plane 7  measured profile at 180 degree

1

2

3 evaluatipn length
4 squareness error
5

least-squares mean line of the straightness profile

Figure A.17 — analysis(f squareness error

A.2.7.4 MPE functions

Maximum germissible squareness error, Eg,ypg, may be indicated in the following form.
Egq mpef a/L
where

a isp positive constant, stated by the manufacturer or supplier;

L isfthe evaluation length in millimetres.

A.2.8 Metrological characteristics (supplier’s specification)

T bl A 2 i lo lice o€ r's 1 3 1 cl 'S ol £ r's 'y 3 3 rs t
a e . glVCD CIICT 1150 UT 1TTIT LI UlUsl\,cll CIIdrdCilTl ISUILS TUL da1utdl y dAIS TUTIITTIIICAsS Ul 1115 ITIS LI UIIl n .

NOTE Depending on instrument configuration, some elements of Table A.2 will possibly not apply or additional
metrological characteristics can be specified.
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Table A.2 — Metrological characteristics

Characteristics MPE Defa_u It
unit
Probe Probe error Ep Ep mpE pm
Radial error E E m
Rotary axis - R RMPE !
Axial error E, Ep MpPE pm
o ) Longitudinal straightness error Eg | EsmpE pm
Longitudinal axis - :
Parallelism error Epar | Epar MPE pum
Transverse straightness error E E pum
Transverse axis g 2R SRAPE
Squareness error Eso | EsqompE pm
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Annex B
(informative)

Artefacts for metrological characteristics

B.1 Material measure for gain setting or probe error verification

B.1.1 Ga

A calibratef reference value for magnification setting or this probe error test may be-produced using
calibrated gauge blocks. See ISO 3650 for the structure, the specification and marking of gauge hlocks.

Two or mofre gauge blocks are wrung onto a flatness standard as shown in Figufe B.1. The standard
thus creatgd is aligned to one of the principal measurement axes of the instramient. The djsplacement
correspondfing to the height difference between a pair of centre positions of the gauge blocks is measured

by changing the position of the probe stylus tip with 6-axis, Z-axis or R-axis traverse of the ingtrument as
appropriatg.
5 6
| 2
7 7
B 8
N 817
1
4 3
Key
1  longer gauge block 5  shorter gauge block length
2 shorter gauge block 6  step height difference
3 optical flat or flatness standard 7  width of gauge blocks
4 longer gauge block length 8  probing positions at the centre of width
Figure B.1 — A pair of gauge blocks on a flatness standard
B.1.2 Flickstandard (ormagnificationstandard) = |

A calibrated reference value for magnification setting or probe error test may be produced using a calibrated
flick standard (see reference [26] and[29]).

A flick standard comprises a precision cylindrical component with one or more small flats round the
periphery (see Figure B.2), the radial depths of which have been calibrated.

The axis of the flick standard is supposed to be accurately aligned to the rotary axis.

In polar coordinates, after removal of the component eccentricity and suppression of the radius, the flat will
appear as a parabolic departure as shown in Figure B.3.
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From the measurement, the flattened depth is calculated as the radial departure of the valley of a parabola
fitted to the data in the flick area from the LSCI fitted to the data excluding the flick area.

Alternatively, the valley which is calculated as RONv on the roundness profile from the minimum
circumscribed reference circle MCCI of the calibrated flick standard may be used as a simplified operator.
Note that results from this method may show greater variability depending on the number of data points
within the profile.

5
1 4
3
Key
1  magnifigation standard or flick standard 4  flattened depth
2 diametdr of reference cylinder 5 half angleof flattened area on the polar chiart

3 length hetween the centre position of flattened area 6  flattened half width
and theopposite cylinder surface

Figure B.2 — Flick standard

4
|
1
5 3
_____ oy _
{ J
/
\\ i //
2 17 3
I
Key
1 magnification standard or flick standard 3 flattened depth on the polar chart
2 diameter of reference circle on the chart 4 halfangle of concave area on the polar chart

5 distance of concave area on the polar chart

Figure B.3 — A flick standard with residual eccentricity removed and suppression of the radius
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B.1.3 Magnification calibrator (screw-driven reducing lever or dial gauge calibrator)

A calibrated reference value for magnification setting or probe error test may be produced using a calibrated
magnification calibrator (see Figure B.4). This measurement standard produces an adjustable size using a
screw, a lever and/or a pair of wedges with a calibrated scale.

Any size within the range of the calibrated scale can be realized statically with only one measurement
standard.

6 1
= — 2
// 3
| |7
I
IE
|ll|i *
5
Key
1  base with certain angle inclination 5 manual adjusting wheel
2 slider wjiith the same inclination as the base 6  thesloperangle
3 top surfpce with compressed height displacement 7  direction of height adjustment
4  scale of pdjuster displacement 8 .direction of slider movement

Figure B.4 — Magnification calibrator

B.1.4 Compbination of displacement actuator and length calibration equipment

A calibrated reference value for magnification setting or probe error test may be produded using a
combinatiof of a calibrated actuator.that gives changeable size (e.g. a piezo-electric actuator) and equipment
that measures length precisely (e.g: @ laser interferometer).

Any size wjthin the range of.the calibrated scale can be realized statically with only one mpasurement
standard.

B.1.5 Depth measurement standard

A calibrated reference value for magnification setting or probe error test may be produced using p calibrated
depth measjurément standard. See 1SO 5436-1:2000, 5.2 and 5.2.1.

The form of the standard and the testing procedure are essentially the same as B.1.1.

B.2 Material measure used for testing metrological characteristics by rotary motion

A spherical or hemispherical material measure can be used for testing metrological characteristics by rotary
motion, which has circumference lines with very small form deviation.

The polar deviation of the radial error motion of the instrument is measured by executing a roundness
measurement on this material measure which is set up just on the axis average line on the worktable of the
instrument.
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