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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such ‘patent rightg
patent rights identified during the development of the document will.be'in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
w.iso.org/iso/foreword.html.
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5 document was prepared by Technical Committee ISO/TC 39, Machine tools, Subcomn(
conditions for metal cutting machine tools:

5 second edition cancels and replacesithe first edition (ISO 10791-2:2001), which has been
sed.

main changes are as follows

Tests applying to all configurations of machines have now been grouped in Clause 5 (tg
G5.14).

Annexes A through C in the first edition of this document, have been deleted and will be
a more gen€ral’standard, as they are not only used in machining centres.

Tests forthe movements of four types of work holding tables have been introduced, resg
Clauses 6,7, 8 and 9, as explained in 4.5 and Table 1.
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sts G5.1 to

Tests for optional\herizontal spindles and integral or accessory spindle heads forming the object of

covered by

ectively as

Thiree new Annexes A, B and C have been introduced, dealing with error motion of 1

otary axes

belonging to spindles and to rotary and tilting tables.

The test of the table flatness (formerly G15) has been deleted for several reasons, includ

sometimes, the machine is supplied with some fixtures already mounted on the tabl

accurate measurements, mostly on large machines.

Alist of all parts in the ISO 10791 series can be found on the ISO website.
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ing:

the table surface is not normally used as a reference for the location of the workpiece;

€;

sometimes, the machine is provided with a receiver where several pallets can be mounted;

for tests made during the working life of the machine, the table surface can be unsuitable for
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

A machining centre is a numerically controlled machine tool capable of performing multiple machining
operations, including milling, boring, drilling and tapping, as well as automatic tool changing from a
magazine or similar storage unit in accordance with a machining program.

The object of the ISO 10791 series is to provide information as widely and comprehensively as possible
on tests which can be carried out for comparison, acceptance, maintenance or any other purpose
deemed necessary by user or manufacturer/supplier.

© 1S0 2023 - All rights reserved vii
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INTERNATIONAL STANDARD ISO 10791-2:2023(E)

Test conditions for machining centres —

Part 2:
Geometric tests for machines with vertical spindle (vertical
Z-axis)

Thi
tot
the

2

Scope

5 document specifies, with reference to the ISO 230 series, the geometric tests forrmachin
n vertical spindle (i.e. vertical Z-axis).

5 document also establishes the tolerances for the test results corresponding to gener
normal accuracy machining centres.

5 document is also applicable, totally or partially, to other numéerically controlled mach
r configuration, components and movements are compatible-with the tests described he

if document applies to machining centres having threedumerically controlled linear a

0 5 000 mm length, Y-axis up to 2 000 mm length, and Z-axis up to 2 000 mm length)
to supplementary movements, such as those of rotaty, tilting, and swivelling tables. Fu
fained in Annexes A, B and C, cover axes of rotation of spindles, rotary tables and tilti
rements other than those mentioned are considered as special features and the releva
included in this document.

if document takes into consideration in Elauses 6 through 9 four possible types of table

iry, as hereunder described:

Clause 6: horizontal non-rotating tables;

Clause 7: tables rotating onlyraround a vertical C’-axis;

Clause 8: tables rotating around a vertical C-axis and tilting around a horizontal A*-axis
Clause 9: tables rotating around a vertical C-axis and tilting around a horizontal B’-axis

5 document dealsonly with the verification of geometric accuracy of the machine and doe
he testing ofthe machine operation, which are generally checked separately. Tests not
pure geométric accuracy of the machine are dealt with in other parts of the ISO 10791 se

Normative references

ing centres
al purpose

ines, when
ein.

kes (X-axis
but refers
ther tests,
g cradles.
t tests are

, fixed and

s not apply
concerning
ries.

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 230-1:2012, Test code for machine tools — Part 1: Geometric accuracy of machines operating under
no-load or quasi-static conditions

ISO 230-7:2015, Test code for machine tools — Part 7: Geometric accuracy of axes of rotation

ISO 841:2001, Industrial automation systems and integration — Numerical control of machines —
Coordinate system and motion nomenclature

© IS0 2023 - All rights reserved
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3 Term

s and definitions

For the purposes of this document, the terms and definitions given in ISO 230-1 and ISO 230-7 apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

4 Preli

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

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

4.1 Measurement units

In this do
millimetre
tolerances
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errorsort
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Where the
series (i.e.
shown bef
Annexes A

4.2.2 Co

As indicatsg
workpiece

When such
of the axis
differentia
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cument all linear dimensions, errors, and corresponding tolerances are. exXpressec
5; angular dimensions are expressed in degrees, and angular errors and theé)corresponc
are expressed in ratios as the primary method, but in some cases, microradians or arcsecq
1 for clarification purposes. Formula (1) should be used for conversion of'the units of ang
blerances:

| 000 =10 prad = 2”

rence to the ISO 230 series

neral

is document, reference shall be made to 1SQ;230-1 and ISO 230-7 when required, especi
tallation of the machine before testing,\warming up of the spindle and other moy
s, description of measuring methods andyrecommended uncertainty of testing equipmer

test concerned is in compliance with the specifications of the relevant part of the 1SO
ISO 230-1 or ISO 230-7), a reference to the corresponding subclause of that standar
re the instructions in the “Qbservations” block of the tests described in Clauses 5 to 9
to C.

nsideration of relative measurements

d in ISO 230-1, all'geometric measurements are carried out between the tool side and
side of the machine.

measurement is not possible using a single instrument (e.g. a precision level), and the mo
under<test causes an angular movement of both spindle head and workholding compon|
measurements are required.

in
ling
nds
1lar

M

ally
ring

o

230
d is
and

the

fion
ent,

4.3 Reference to ISO 10791-6

In ISO 10791-6:2014, Annexes A, B and C, kinematic tests are described for testing circular interpolation
motion by simultaneous three-axis control (AK1, AK2, BK1, BK2, CK1, CK2). These are based on using
displacement sensor(s) with a sphere-ended test mandrel or using a ball bar.

These kinematic tests can be used for determining the position and orientation of rotary axes with
respect to the linear axes.

Kinematic test BK2 b) in ISO 10791-6:2014 can be used as an alternative for the following tests if all
relevant geometric error compensation functions are identical: see G7.6, G7.7, G8.6 b), G8.7, G9.6 b) and

G9.7.

© IS0 2023 - All rights reserved
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4.4 Testing sequence

The sequence in which the tests are presented in this document in no way defines the practical order of
testing. In order to make the mounting of instruments or gauging easier, tests can be performed in any
order.

4.5 Tests to be performed

When testing a machine tool, it is not always necessary, nor possible, to carry out all the tests described
in this document. When the tests are required for acceptance purposes, it is up to the user to choose,
in gereement—with—themanufacturer/suppter—thesetestsrelatingto—the—ecomponents—nd/or the
properties of the machine tool which are of interest. These tests are to be clearly stated wWhedn ordering
a mpchine tool. Simple reference to this document for the acceptance tests, without spécifying the tests

to be carried out, cannot be considered as binding for any contracting party.

Tests considered in Clause 5 (G5.1 to G5.14) apply to all vertical machiningycentres, whichever is
the|type of work holding table. Moreover, depending on the type of table, €ach one of Clapises 6 to 9
confains all the relevant geometric tests, and there is no need of taking'similar tests frog different
clayses. Therefore, depending on the configuration of the machine, the following choice is ayailable for
a cdmplete geometric test:

— [for machines with horizontal non-rotating tables, Clauses/5 and 6 and test AR1 in Ahnex A are
applicable;

— |for machines with tables rotating only around a vertical C-axis, Clauses 5 and 7 and Alnnex A are
applicable;

— |for machines with tables rotating around a vertical C-axis and tilting around a horizontal A-axis,
Clause 5 and 8, Annexes A and B are applicable;

— |for machines with tables rotating around a vertical C-axis and tilting around a horizontal B’-axis,
Clauses 5 and 9, Annexes A and C are applicable.

Forfa better understanding, the aboyelist is summarized in Table 1.

Table 1 — Tests applicable to different configurations of vertical machining cenftres

Main body of this document Annex
Rptary axes Clauses Clause 6 Clause 7 Clause 8 Clause 9 Annex A | AnnexB Annex C
ol the table
G541 to G6.1to
No one G5.14 6.5 AR1
C G5.1to G7.1to AR1 and
G5.14 G7.8 AR2
o G5.1to G8.1to AR1and | BR1and
G5t 68718 AR2 BR2
C+B G5.1to G9.1to AR1 and CR1 and
G5.14 G9.18 AR2 CR2

4.6 Tolerances

In this document, all tolerance values are guidelines. When the tolerances are used for acceptance
purposes, other values can be agreed upon between the user and the manufacturer/supplier. The
required/agreed tolerance values are to be clearly stated when ordering the machine tool.

When establishing the tolerance for a measuring length different from that given in this document
the tolerance can be determined by means of the law of proportionality (see ISO 230-1:2012, 4.1.2). It

©1S0 2023 - All rights reserved 3
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shall be taken into consideration that the minimum value of tolerance is 0,005 mm, unless otherwise
specified.

4.7 Measuring instruments

Measuring instruments indicated in the tests described in the following clauses are examples only.
Other instruments capable of measuring the same quantities and having the same, or a smaller,
measurement uncertainty can be used. Reference shall be made to ISO 230-1:2012, Clause 5, which
indicates the relationship between measurement uncertainties and the tolerances.

When a “dial-gauge”isreferred toitca cannotonly dial test indicators (D butan pe-oflinear
displacemdnt sensor such as analogue or digital dial gauges, linear variable differential transfornners
(LVDTs), llnear scale displacement gauges, or non-contact sensors, when applicable tocCtheé fest
concerned

Similarly, when a "straightedge” is referred to, it can mean any type of straightness reference artefact,
such as a granite or ceramic or steel or cast iron straightedge, one arm of a squate,”one generaging
line on a dylindrical square, any straight path on a reference cube, or a special,~dedicated arteffact
manufactufred to fit in the T-slots or other references.

In the samg way, when a “square” is mentioned, it can mean any type of squareness reference artefact,
such as a granite or ceramic or steel or cast iron square, a cylindrical squa¥e, a reference cube, or, again,
a special, dedicated artefact.

When a “3D probe” is referred to, it means three displacement sensors, housed in a nest, used to
measure the changes in the position of the centre of a precisiori<sphere.

4.8 Diagrams

4.8.1 Gejneral

For reasong of simplicity, each diagram in this decument illustrates only one type of machininig centre.
Diagrams dlo not always show the same type.

4.8.2 Alphabetic characters used.for the E error expressions

In most cgses, the diagrams show/the coordinate axes with their own codes and orientationgd. In
this docunpent the linear X, Y-and Z axes and the rotary A, B’ and C’ axes are mentioned, but spme
other alphabetic characters used in the texts are shown in the diagrams, mainly for parallelism pnd
squareness tests. They are(€), T and L, with the following meaning:

— (C): spIndle axis;.itshall not be confused with the C-axis of a possible universal spindle head mounted
on thelmachine;

— T: projection of the table surface representative line on the measurement plane;

— L:reference Tine on the table surface represented by a T-slot, an edge locator or an artefact clamped
on the table.

4.8.3 Error direction

For parallelism and squareness errors, the diagrams show in different ways the positive direction of
the error between the checked element (physical component or axis) and the reference axis, as follows:

— for parallelism tests an arrow in the diagram shows the positive direction of the error, whose
algebraic sign is to be noted in the “Measured error” box;

— for squareness tests the character a is shown, and in the “Measured error” the positive direction of
the error shall be indicated as “a > 90°” and the negative direction shall be indicated as “a < 90°”.

4 © IS0 2023 - All rights reserved
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Particular care shall be taken in noting the correct algebraic sign of the readings, mostly for
measurements whose results are to be combined in formulae for other tests.

4.9

Pallets

For machine tools working with several pallets, the tests concerning the intrinsic geometric features
or their behaviour related to the axes of the machine tool (tests in Clauses 6 to 9) are to be performed
on only one representative pallet clamped in position, unless otherwise specified by an agreement
between the user and the manufacturer/supplier. For checking other pallets, see ISO 10791-5.

4.10 Software compensation

When built-in software facilities are available for compensating certain geometrig-errory
durfing these tests for acceptance purposes shall be based on an agreement between.'the u
manufacturer/supplier, with due consideration of the machine tool intended use/When th

conj
conj

4.1

Dur
und
side

4.1

pensation is used, this shall be stated in the test report. It shall be neted that whe
pensation is used, axes shall not be locked for test purposes.

1 Axes not under test

ing the execution of some geometric tests on one axis of motion, the position of the othd
er test, can affect the results. Therefore, the positions of these axes, as well as the offsets
and on the workpiece side, are to be recorded in the testréport.

2 Machine configurations

Figiire 1 and Table 2 show 12 possible configurations of vertical machining centres, wit

arc
ide
axe

Sev
imp
the
ang

All
the
cen

The

itectures and different components moving along the linear axes. These configuj

5 orientation and nomenclature, reference shall be made to ISO 841.

bral configurations of tilting rotary tables can be mounted on vertical machining d
ortant test for them is the checking of parallelism of the tilting axis to one horizontal 4
positions used for the readings are -90°, 0° and +90°, although the tilting axis can rez:
ular positions. The test methods are different for

axes which can reachrepposite positions 180° from each other (-90° to +90°), and
axes which can geach positions only 90° apart from 0° (-90° or +90°).

possible casés-and relevant tests are shown in Clauses 8 and 9, with the different orie]
axes and-algeébraic signs, in order to allow the users to choose the tests fitting the actual
're undex test without the need of adapting or re-calculating the combination of errors.

possible cases considered in Clauses 8 and 9 are listed hereunder:

, their use
er and the
e software
h software

I axes, not
on the tool

h different
ations are

tified by means of numbers from 01 to 12\for referring Figure 1 and Table 2 to each otler. For the

entres. An
1Xis, where
ich further

ntations of
machining

©IS

tables tilting around the A-axis (see Clause 8)

— tables tilting from A’ = -90° to A’ = +90° (see 8.2),
— tables tilting from A’ = -90° to A’ = 0° (see 8.3), and
— tables tilting from A’ = 0° to A’ = +90° (see 8.4);
tables tilting around the B’-axis (see Clause 9)

— tables tilting from B’ = -90° to B’ = +90° (see 9.2),
— tables tilting from B’ =-90° to B’ = 0° (see 9.3), and

— tables tilting from B’ = 0° to B’ = +90° (see 9.4).

02023 - All rights reserved
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4.13 Designation

A designation is also supplied in Table 2 in order to define the architecture of a machining centre, being

a short code; this designation is given by

— the number of this document,

— the letter V for “vertical”, and

— alist of the structural and moving components from the workpiece (w) to the tool (t).

Table 2 sh

where

— the kip

— the spindle axis not under NC positioning is represented in brackets [e.g. (C)], and

» o«

«
— w,

components (e.g. bed, column).

ematic chain of moving axes is described in square brackets,

Table 2 — Designations of configurations shown in Figure 1

t”, and “b”, respectively, represent the work holding table, the tool, @nd the stationary

01 [is0107912V[wX Y'bZ(C) t] 07 [1S0107932V[wX bYZ(C)t]
02  [S0 107912V [wY' bX Z (C) t] 08 [1S0 107912V [wbXYZ (C) t]
03  [1S0 107912V [wX Y’ Z'b (C) t] 09 [ISO107912V[wZ' X' bY (C) t]
04 150107912V [wY' X'bZ(C) ¢] 10 41S0 107912V [wX bYZ (C) ]
05 150107912V [wbYXZ(C) ] 110 ]1S0 107912 V[wb X Y Z (C) ]
06 [150107912V[wX ZbY (C) 1] 12 [1S010791-2V[wZ bXY (C) ]

© IS0 2023 - All rights reserved
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01 02 03
7 Z
1] Y'
X"k' X X ‘ﬁ
v 7
X[ : \/ W
04 05 06
Z ‘\T/" |
X' ;J\X Y X
Xl
Zl
07 08 09
Z Z
p i Y
Y X
" . >l
Zl
10 11 12
yA yA
Y V\I/'
Y% S /x
Xl
]
¥ A

NOTE Some configurations with rotary and tilting axes of the table are shown in Figures 3 to 5 and diagrams
in Clauses 7 to 9.

Figure 1 — Possible configurations of linear axes

© IS0 2023 - All rights reserved
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5 Geometric tests

5.1 Straightness errors of linear motions

Object G5.1

Checking of straightness of the X-axis motion:
a) in the vertical ZX plane (E;y),
b) in the horizontal XY plane (Eyy).

Diagram
a) b)
f [ 1] Z Y
X'=—f—=X % v X’ X
A E[ rA T Y
@)
- =
e [s= mexem e ]
-—
Tolerance
X < 500 a) and b)-~40,010
500 < X < 800 a) and b) 0,015
800 < X < 1250 a) and™> b) 0,020
1250 < X < 2000 a) “and b) 0,025
2000 < X =< 3200 a)” 0,050 b) 0,032
3200 < X < 5000 a) 0,065 b) 0,040
Local tolerfance 0,007 for any measuring length of 300.
Measured error
ForX=...|....
a) b)
Maximum [local error:
a) b)
Measuring instruments
a) Straightedge.and dial gauge or optical instruments.

. 1 S R 1 . 1 . . 1
b) Stralghwuge dlIU Uldl g§dUgc O [ITICTOSCOPC allld LdUut wWiI'c O OptiCdl HISUTUIIICIILS.

Observations and references to ISO 230-1:2012, 8.2 and 8.2.2

For all machine configurations, the straightedge or the taut wire or the straightness reflector shall be
placed on the table. If the spindle can be locked, the dial gauge or the microscope or the interferometer
may be mounted on it; if the spindle cannot be locked, the instrument shall be placed on the spindle
head of the machine.

The measuring line should pass as close as possible to the centre of the table. The reference straight line
applied should be stated in the test report.

Methods based on measurements of angles (ISO 230-1:2012, 12.1.3) shall not be applied as these methods
are restricted to measurements of functional surfaces.

8 © IS0 2023 - All rights reserved
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Object G5.2
Checking of straightness of the Y-axis motion:

a) inthe vertical YZ plane (Ey),
b) in the horizontal XY plane (Eyy).

Diagram
a) b)
Z | Y Z
A A
Y - Y X < —+=X - X = X
v _
VA Y /"
v [
— [
Tolerance
Y < 500 a) and b) 0,010
500 < Y =< 800 a) and b) 0,015
800 < Y =< 1250 a) and b)~0,020
1250 < Y < 2000 a) andcb) 0,025

Lodal tolerance 0,007 for any measuring length of300.

Mehpsured error

ForlY = ............

a) b)
Makimum local error:

a) b)

Mepsuring instruments

Straightedge and dial gatge or optical instruments.

Observations and references to I1SO 230-1:2012, 8.2 and 8.2.2

Forfall machine cénfigurations, the straightedge or the straightness reflector shall be placed on the
table. If the spindle can be locked, the dial gauge or the interferometer may be mounted on it; if the
spindle canuot'be locked, the instrument shall be placed on the spindle head of the machine

Thd measilring line should pass as close as possible to the centre of the table. The reference ptraight
lind applied should be stated in the test report.

Methods based on mMeasurements of angies (150 230-172012, 12-1.3)Shalinot be appited as these
methods are restricted to measurements of functional surfaces.

©1S0 2023 - All rights reserved 9
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ISO 10791-2:2023(E)

Object

Checking of straightness of the Z-axis motion:
a) inthe YZ plane (Ey;),
b) inthe ZX plane (Eyx;).

G5.3

Diagram
a) b)
o r — 7
n | [ 1] i
Y Y I I X X
A l A
[~ =
Tolerance
Z < 500 a) and b) 0,010
500 < Z < 800 a) and b) 0,015
800 < Z < 1250 a) and b) 0020
1250 < Z < 2000 a) and b);30,025
Local toleftance 0,007 for any measuring length of 300
Measured error
ForZ=...{|.....
a) b)
Maximumilocal error:
a) b)
Measuring instruments
Cylindricafsquare and dialgatge or optical instruments.
Observations and references to ISO 230-1:2012, 8.2 and 8.2.2
For all maghine configlirations, the square or the straightness reflector shall be placed in the centrg
of the tablg. If the spindle can be locked, the dial gauge or the interferometer may be mounted on it} if
the spindl¢ canfiet be locked, the instrument shall be placed on the spindle head of the machine.
The positipn0f the measuring line on the table and the offsets to the spindle (C) shall be stated in the

test report. The reference straight line applied should be stated in the test report.

Methods based on measurements of angles (ISO 230-1:2012, 12.1.3) shall not be applied as these
methods are restricted to measurements of functional surfaces.

10
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5.2

ISO 10791-2:2023(E)

Angular errors of linear motions

Obj

ect G5.4

Checking of angular errors of the X-axis motion:

a)
b)

in the vertical ZX plane (pitch Egy),
in the horizontal XY plane (yaw Ey),

R e PRI
c) [T tiTe veTticar Y Z prane (Tol E i)

Didgram

Key
1m

2 rd

a) b) J
Z 2 Y v/

VA Y VA

USEEN =

[ e— |

4
easuring precision level 3 laser head 5 angular reflector

ference precision level 4 angulaninterferometer

Tolerance

For

Lod

a), b) and ¢)

179

X 2000 0,060/1 000, or 60 prad or 12”
2000 < ,.-XJ< 3200 0,065/1 000, or 65 prad or 13”

3200 (- X < 5000 0,070/1 000, or 70 urad or 14”
al tolerance:  0,016/1 000, or 16 prad or 3,2”, for any measuring length of 300

Me
For
Ma

hsured error
X = iy a) b) c)
kimum loeal error: a) b) c)

Me

hsurigg instruments

a) (
b) (

pitch Ezy)  precision level or optical angular error measuring instruments.

yaw Eqy) optical angular error measuring instruments.

c) (roll Exx) precision level.

© IS0 2023 - All rights reserved
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Observations and references to I1SO 230-1:2012, 8.4 and 8.4.2
The instrument shall be placed on the movable component:

a) (pitch Egy): longitudinally;

b) (yaw Ex): horizontally;

c) (roll E5x): transversely.

Measurements shall be taken at least at five positions equally spaced along the travel, in both
directions of movement at every position. The difference between the maximum and the minimum
reading is the error to be reported.

12 © IS0 2023 - All rights reserved
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Object G5.5
Checking of angular errors of the Y-axis motion:

a) inthe vertical YZ plane (pitch E,y),
b) in the horizontal XY plane (yaw E.y),
c) inthe vertical ZX plane (roll Egy).

Diagram
aJ b) <)
2 Y 2
| s | |
' X' X
V' Y o X
Yl
VA > VA
=
1 7% 1 =-“
% | . | =S
— | |
4 ]
3 \.n
Key
1 npeasuring precision level 3 laser head 5 angular reflector
2 reference precision level 4 angular interferometer
Tolerance

Forfa),b)andc): Y<2000 0,060/£1.000, or 60 prad or 12”
Log¢al tolerance: 0,016/1 000, or 16-1rad or 3,2”, for any measuring length of 300

Measured error

FoY= ... a) b) )
Malkimum local error:  a) b) )
Measuring instruments

a) (pitch E,y) precision level or optical angular error measuring instruments.
b) (yaw E.y) <eptical angular error measuring instruments.

c) (roll Egy) precision level.
Obgkervations and references to ISO 230-1:2012, 8.4 and 8.4.2

The instrument shall be placed on the movable component:

a) (pitch E,y): longitudinally;
b) (yaw Ey): horizontally;
c) (roll Egy): transversely.

Measurements shall be taken at least at five positions equally spaced along the travel, in both direc-
tions of movement at every position. The difference between the maximum and the minimum reading
is the error to be reported.

©1S0 2023 - All rights reserved 13
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ISO 10791-2:2023(E)

Local tolet

ance: fora)andb) 0,016/1 000;or 16 prad or 3,2”, for any measuring length of 300

Object G5.6
Checking of angular errors of the vertical Z-axis motion:

a) inthe vertical YZ plane (E,;),

b) in the vertical ZX plane (Eg;),

¢) inthe horizontal XY plane (roll E¢;).
Diagram

aJ b) <)
Z 1 1 7 X
e
Y Y | X X X' K
/A I I VA m Y
D =
4 l 2 EI‘_I 4 @
|‘_’| — o—
[ e | 14 il | | i 1
3 |

Key
1 measurihg precision level 3 straightedge I measurement distance
2 referencp precision level 4 cylindrical square
Toleranc¢
Fora),b)dand c): Z<2000 0,060/1 000, et60 prad or 12”

Measured
ForZ-=....
Maximum

for c) 0,024/1 000, or 24 prad or 4,8”, for any measuring length of 300
error
........ a) b) c)
local error:  a) b) c)

a) and b)
c) (roll E

Measuring instruments

Precisionidevel or optical angular error measuring instruments.

) Cylindrical square and dial gauge, or precision cube and dial gauges, or sweeping alig
mentlaser.

14
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ISO 10791-2:2023(E)

Observations and references to ISO 230-1:2012, 8.4 and 8.4.2

Measurements shall be taken at least at five positions equally spaced along the travel, in both direc-
tions of movement at every position.

The difference between the maximum and the minimum reading is the error to be reported.

For ¢) (roll E.;), when a sweeping alignment laser is not used, place a cylindrical square (or a preci-
sion cube) on the table, approximately parallel to the Z-axis, and set the stylus of a dial gauge mount-
ed on a special arm against the square.

Note the readings and mark the corresponding heights on the cylindrical square.

Mo
tou

Th
culi

Th
the

For

Th
Am

If al
the
be

ve the X-axis and move the dial gauge to the other side of the spindle head so that the sty
ch the square again along the same line.

e possible roll error of the X-axis motion shall be measured and taken into account (if a p
e is used, no X-axis motion is required).

e dial gauge shall be zeroed again and the new measurements shall be takén at the same
previous ones, then noted.

each measurement height, calculate the difference 4 of the two readings.

e algebraic maximum and minimum of these differences shall béselected and the result

sweeping alignment laser is used, the sweeping plane shall be aligned approximately pa
machine ZX plane. The measurement procedure is thessame as above, where the dial gay
Feplaced by the laser target and no X-axis motion is required.

,)/1 is the error to be reported, “I” being the distance between the two positions of the dfial gauge.

Jlus can
recision
heights of
f (Amax -

rallel to
ge shall

©IS

02023 - All rights reserved
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ISO 10791-2:2023(E)

5.3 Squareness errors between linear motions

Object G5.7
Checking of Eg o)z Squareness of the Z-axis motion to the X-axis motion.
Diagram
Step 1) Step 2)
Z Z
[ {1 [ 11 o
X'—t—X X=X
v I v
VA Z'
-
e |:—=|—
Toleranc
0,040/1 0])0 (=0,020/500, or 40 prad or 8”)
Measured error
ForZ=..l....

Measuring instruments

Straightedge or surface plate, square, and dial gauge-or optical instruments.

dial gauge

Observatjons and references to I1SO 230-1:2012;"3.6.7 Note 2, 10.3 and 10.3.2

In step 1),|the straightedge or the surface plate’shall be set parallel to the X-axis, or the lack of parall-
lelism shall be considered in the measurement.

In step 2),|the Z-axis shall then be chegked by means of a square standing on the straightedge or on
the surfacg plate.

If the spinflle can be locked, thedial gauge may be mounted on it; if the spindle cannot be locked, the

shall be placed on the spindle head of the machine.

The value pof angle a, being,le'ss than, equal to or greater than 90°, shall be noted.

The measyred error Egfyyy7 is positive when a > 90° and is negative when a < 90°.

16
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ISO 10791-2

:2023(E)

Object G5.8
Checking of E, gy squareness of the Z-axis motion to the Y-axis motion.
Diagram
Step 1) Step 2)
I “ I 4
A A
Y'Y } R

v v \

/A v/
Tolerance
0,040/1 000 (= 0,020/500, or 40 prad or 8”)
Measured error
FoZ = .............
Measuring instruments
Strpightedge or surface plate, square and dial gauge0f’optical instruments.
Obgservations and references to I1SO 230-1:201.2, 10.3 and 10.3.2
In gtep 1), the straightedge or the surface plate$hall be set parallel to the Y-axis, or the lack of parallelism
sh3ll be considered in the measurement.
In gtep 2), the Z-axis shall then be checked by means of a square standing on the straightedge or on the
suiface plate.
If the spindle can be locked, the.dial gauge may be mounted on it; if the spindle cannot be locked, the
diall gauge shall be placed onthe'spindle head of the machine.
The value of angle a, being'le’ss than, equal to or greater than 90°, shall be noted.
The¢ measured error Exmpyyy is positive when a > 90° and is negative when a < 90°.

© IS0 2023 - All rights reserved
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ISO 10791-2:2023(E)

Object G5.9
Checking of E¢((x)y Squareness of the Y-axis motion to the X-axis motion.
Diagram
Step 1) Step 2)
Z Y
Y
A A
, a
Y' Y X'<——>X X < a > X
I - v
YA Y’ Y
® 2 I
|ONONONONONS:|
Toleranc

0,040/1 010 (=0,020/500, or 40 urad or 8”)

Measured
ForY=...

error

Straighted

Measuring instruments

ge, square, and dial gauge or optical instruments:

Observat
In step 1),
E¢(oyyx OF
In step 2),
side again

This test d
axisand c

If the spin
dial gauge

The height

The value

The measyred error E¢gx)y is positive when a > 90° and is negative when a < 90°.

ons and references to ISO 230-1:2012, 10.3.and 10.3.2

the straightedge shall be set parallel to the X-axis for E¢ox)y or parallel to the Y-axis for
the lack of parallelism shall be considered in the measurement.

the Y (or X)-axis shall then be checked by means of a square placed on the table with one
5t the straightedge.

an be performed as well without the straightedge, aligning one arm of the square along gne
necking the second axis on-the other arm of the square.

le can be locked, the dial'gauge may be mounted on it; if the spindle cannot be locked, the
shall be placed on the spindle head of the machine.

above the table(shall be stated in the test report.

of angle a, béing less than, equal to or greater than 90°, shall be noted.

18
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ISO 10791-2:2023(E)

5.4 Spindle

Object G5.10

Checking of axial error motion Ey(, of the spindle.
Diagram

T

)

~=T7
|
[
[
/

Tolerance
0,005
Melasured error

Measuring instruments
Didl gauge with flat ended stylus tip.

Obpkervations and references to ISO 230-1:2012, 9.1 and I1SO 230-7:2015, 5.3 and 5.4
Sed also test AR1 in Annex A.

©1S0 2023 - All rights reserved 19
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ISO 10791-2:2023(E)

Object

b) atadi

Checking of run-out of internal taper of the spindle:

a) as close as possible to the spindle nose,

stance of 250 mm from the measuring position in a).

[ G511 |

Diagram

a)
b)

Tolerancg
a) 0,010
b) 0,015

Measured

a)

error
b)

Test man

Measuri]g instruments

rel and dial gauge.

In order tg
100 r/min

The test rg

Observatjons and references to ISO 230-1:2012;712.5.3 and ISO 230-7:2015, 5.3 and 5.4
See also tdst AR1 in Annex A.

make the reading easier, the spindle should rotate slowly at a speed not exceeding

port shall state whether the rotation is achieved by spindle motor or manually.

20
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ISO 10791-2:2023(E)

Object G5.12

Checking of parallelism of the spindle axis (C) to the Z-axis motion:
a) Ejqz)(c) in the vertical YZ plane,
b) Eg(oz)(c in the vertical ZX plane.

Diagram
a) b)
i @2 11 ALY
I y y I X X
| ' it S
-
e
Tolerance

For a) and b): 0,050/1 000 (= 0,015/300, or 50 prad or. 1@")
Measured error

a) b)
Measuring instruments

Teqt mandrel and dial gauge.
Obgervations and references to I1SO 23041:2012, 3.6.2, 10.1.4, and 10.1.4.3

X- and Y-axes at centre of the travel.

The signs of the parallelism errors in’both planes shall be reported.

In both planes, the arrow between the spindle axis (C) and the Z-axis shows the positive dirgection of
the error.

©1S0 2023 - All rights reserved 21


https://standardsiso.com/api/?name=d83f076f5b041105f35d54bb9570035f

ISO 10791-2:2023(E)

Object

G5.13

Checking of Egoxy(c) sSquareness of the spindle axis (C) to the X-axis motion.

Diagram
11 7 (©
a
X' X
//>
o
[ '
q
-
1
Key
[ measurement distance
Tolerancl
0,050/1 000 (= 0,015/300, or 50 prad or 10”)
Measured error

Straighted

Measuring instruments

ge, special arm and dial gauge.

Observat
Z-axis to b

The straig
measuren

This test d
touching v

The spind
the specia

The dial g
reported.
X-axis.

The squar
G5.12 b).

The value

ons and references to 1SO 230-1:2012, 10:3 and 10.3.3
e locked, if possible (see 4.10).

htedge shall be set parallel to the X{axis, or the lack of parallelism shall be considered in
ent.

an also be performed withaoutthe straightedge, by mounting the dial gauge on the table :

e axis shall be rotated\180° and the X-axis shall be moved in order to make the stylus toy
arm in the same point.

huge reading, divided by the measurement distance [ in the X direction, is the error to be
n this case, thésmeasurement is influenced by the E;y vertical straightness error of the

bness error obtained with this test can be cross checked with the results of tests G5.7 an

the

ind

Vith the stylus a point on 4 special arm fixed on the spindle, thus making the reading easjer.

ch

fangle a, being less than, equal to or greater than 90° shall be noted

The measured error Egoxy(cy IS positive when a > 90° and is negative when a < 90°.

22
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ISO 10791-2

:2023(E)

Obj

ect G5.14

Checking of Ej gyy(c) squareness of the spindle axis (C) to the Y-axis motion.

Diagram
| © 4
Ao
Y<k3-> Y
a Y
A
-~
S —
Key
I measurement distance
Tolerance
0,060/1 000 (= 0,015/300, or 50 prad or 10”)
Measured error
Measuring instruments
Strpightedge, special arm and dial gauge.

Z-3
Th
me

Th
toy
Th
thd
in
ver|
Th
G5

Th
Th

Obgervations and references to I1SO 230-1:2012, 10.3 and 10.3.3

xis to be locked, if possible (see 4.10).

Asurement.

s test can also be performed without the straightedge, by mounting the dial gauge on the
ching with the stylus a point,oh.a special arm fixed on the spindle, thus making the read

he Y direction, is the,ertor to be reported. In this case, the measurement is influenced by
tical straightness errot of the Y-axis.

12 a).
e value of angle a, being less than, equal to or greater than 90°, shall be noted.

e measured error E oyy(cy iS positive when a > 90° and is negative when a < 90°.

e straightedge shall be set parallel to thé.Y-axis or the lack of parallelism shall be considered in the

e spindle axis shall be rotatéd 180° and the Y-axis shall be moved in order to make the stylus touch
special arm in the same-peint. The dial gauge reading, divided by the measurement distance /

b squareness error' obtained with this test can be cross checked with the results of tests (:5.8 and

table and
ng easier.

the E;y

© IS0 2023 - All rights reserved
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6 Horizontal non-rotating tables

Figure 2 shows an example of a machining centre with vertical spindle and a horizontal non-rotating
table.

B W N R

+7Z
? z+Y

table (X
table s3
bed (b)
column

Figure 2

24

"-axis) 5 spindle head slide (Z-axis)

ddle (Y’-axis) 6  spindle head
7  spindle [(C)]

<*+X

— Example of vertical machining centre with a non-rotating table — Machining cenftre

IS0 107912V [wX Y’ b Z (C) t]
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Object

NOTE This test is performed on the built-in table of the machine or on one representative pallet
clamped in position.

G6.1

Checking of Eox)r parallelism of a representative line T of the table surface to the X-axis motion.

Diagram
Il 7
A
Xy4’x
IR
-
Tolerance
Ly < 500 0,020
500 < Ly < 800 0,025
800 < Ly < 1250 0,030
1250 < Ly <= 2000 0,040
2000 < Ly < 3200 0,060
3200 < Ly < 5000 0,080
wheere Ly is the table length in the X direction:

asured error

asuring instruments

pightedge, equal height spacer blocks and dial gauge.

Z-a

Th
me|

Ift
Ift

Th

diall gaugeshall be placed on the spindle head of the machine.

servations and references to 1SO 230-1:2012, 12.3.2.5
xis to be locked, if possible.

b stylus of the dialgauge shall be placed approximately at the working position of the too
nsurement may-be'made on a straightedge laid parallel to the table surface.

he table is newly ground, the dial gauge stylus may directly touch the table surface.

he spindle,can be locked, the dial gauge may be mounted on it. If the spindle cannot be lo

e arrow between the table representative line T and the X-axis shows the positive directi

l. The

rked, the

pn of the

Eg(

0X)T cI'TOI.

©IS
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Object

Checking of E(gy)r parallelism of a representative line T of the table surface to the Y-axis motion.

NOTE This testis performed on the built-in table of the machine or on one representative pallet
clamped in position.

G6.2

Diagram
| Z
o A
vy -y
Y
7
-
Toleranc¢
Wy < 500 0,020
500 < Wy < 800 0,025
800 < Wy = 1250 0,030
1250 < W; < 2000 0,040
where Wilis the table length in the Y direction.
Measured error
For Wy = [...........

Measuring instruments

Straightedge, equal height spacer blocks ahd dial gauge.

Observat

The stylug
measuren

If the tablg

dial gauge

The arrow

ons and references to 1S0.230-1:2012, 10.3, 10,3.3, and 12.3.2.5

Z-axis to He locked, if possible.
of the dial gauge shdll'be placed approximately at the working position of the tool. The

ent may be made or’a straightedge laid parallel to the table surface.

is newly ground;the dial gauge stylus may directly touch the table surface.

If the spinflle can be loeked, the dial gauge may be mounted on it. If the spindle cannot be locked, tHe

shall befplaced on the spindle head of the machine.

betwéen the table representative line T and the Y-axis shows the positive direction of the
E(oy)T €r1j0L

26
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Object G6.3
Checking of squareness of the table surface to the Z-axis motion:

a) Ej(zrin the vertical YZ plane,
b) Eggyzyr in the vertical ZX plane.

NOTE This testis performed on the built-in table of the machine or on one representative pallet
clamped in position.

Diggram
a) b)
7 | 7
T. a
y v I I X X
o T
i | |5 -
[ —

Tolerance
Foif a) and b): 0,050 over a measuring length of 1.000
Measured error
a) b)
Measuring instruments
Surface plate, square or cylindrical squatre and dial gauge.

Obgervations and references to 1S0'230-1:2012, 12.4.5
a) Y-axis to be locked, if possiblé;
b) X-axis to be locked, if possible.

If al surface plate is used, it shall be located on the centre of the table and a square or cylindrical
sqyare shall be placed-on it.
If af surface plate isyiot used, the squareness error can be heavily affected by any small impgrfection

Cked, the

ings on

The value of angle a, being less than, equal to or greater than 90°, shall be noted.

In both planes the measured error is positive when a > 90° and is negative when a < 90°.

The squareness errors measured with this test can be cross checked with the results of the following
tests:

for a), tests G5.8 and G6.2;
for b), tests G5.7 and G6.1.
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Object G6.4
Checking of E¢(gx),, parallelism of the reference line L, represented by:

a) thelongitudinal median or reference T-slot, or
b) the longitudinal edge locator
of the table to the X-axis motion.

NOTE This testis performed on the built-in table of the machine or on one representative pallet
clamped ifrposition.

Diagram
a) b)
Y
L
X' X
B
Yl
=
(O
~
-
12
-
Tolerancg

For a) and|b): 0,025 over a measuring length.of500

Measured error
a) b)
Measuring instruments

Gauge blogks, straightedge and dial'gauge.
Observatjons and references/te ISO 230-1:2012, 12.3.2.5

Y-axis to be locked, if possible:

If the spinflle can be locKed, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge|shall be placéd on the spindle head of the machine.

When a reference ‘T-slot or a tenon slot is provided, insert two gauge blocks in the slot, at the same
distance ffom the'centre of the table.

Zero the djdkgauge against one of the gauge blocks.

The dial gauge reading on the second gauge block is the error to be reported.

The measurement may also be made on a straightedge laid parallel to the reference T-slot, or longitu-
dinal edge locator. Note the direction of the error.

The arrow between the reference line L and the X-axis shows the positive direction of the E¢ gy,
error.
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Object G6.5
Checking of E(gyy,, parallelism of the reference line L, represented by:

a) the median or reference T-slot (if transverse), or
b) the transverse edge locator
of the table to the Y-axis motion.

NOTE This testis performed on the built-in table of the machine or on one representative pallet
clapped in position.

Diggram
a) b)
Y
X' X
Ly
Cayl
Tolerance

Foyf a) and b): 0,025 over a measuring length of 500

Measured error
a) b)
Measuring instruments

Gayige blocks, straightedge and.dial gauge.
Obkervations and references to ISO 230-1:2012,12.3.2.5

X-alxis to be locked, if possible.

If the spindle can bélocked, the dial gauge may be mounted on it. If the spindle cannot be logked, the
diall gauge shall bie placed on the spindle head of the machine.

WHhen a refererice T-slot or a cross tenon slot is provided, insert two gauge blocks in the slot| at the
sarpe distanee from the centre of the table.

Zetlo the'\dial gauge against one of the gauge blocks.

The dial gauge rpnding on the second gauge block is the error to he reparted

The measurement may also be made on a straightedge laid parallel to the reference T-slot or trans-
verse edge locator.

Note the direction of the error.

The arrow between the reference line L and the Y-axis shows the positive direction of the E¢ gy,
error.
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7 Tables rotating around a vertical C’-axis

Figure 3 shows an example of a machining centre with vertical spindle and a horizontal table rotating
around a vertical C-axis.

+Z

6 . " % Y
2N <

S
s

V\\ 3

©

|

4

[ Y

YN

Key

1 rotary fable (C’-axis) column

2 table sdddle (X'-axis) spindle head slide (Z-axis)
3  bed (b) spindle head

4 column|base (Y-axis) spindle [(C)]

Figure B8 — Example of vertical machining centre with a rotating table — Machining centr
IS0 107912V [wC' X’bYZ (C) t]

A1

NOTE S hles ratatina onluaraund a vortical Clavic withouttiltinag araound a haorizaontal avic aro nat com mon
(=] J 7 15} 7

on single spindle vertical machining centres, but are often used when a horizontal rotary axis is provided in a
universal head, accessory or integral to the machine.
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Object G7.1
Checking of:

a) run-out of the centre hole of the table (when the centre hole is used for locating purposes),
b) face error motion of the table surface.

NOTE This test is performed on the built-in table of the machine or on one representative pallet
clamped in position.

For indexing tables, check at least four positions at 90° from each other.

Diggram
a)
|
]
=
\
Key
W length of the shorter side of the table or pallet r measurement radius
Tolerance
a) 0,025
b) W < %500 0,030
500 < Wg's/ 800 0,040
800 <M < 1250 0,050
1250~ <"W; < 2000 0,060
Measured errox
Foit Wy = andr=
a) b)
Measuring instruments
Dial gaaga W Covgabloclrc o d A1 oo g0

a) DUTar gaua gty D) oaa g CToTO TS atr OuTal gaoa gty

Observations and references to I1SO 230-1:2012, 12.5.2 and 12.5.2.3 and ISO 230-7:2015, 5.3
and 5.4

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the spindle head of the machine.

For b) the radius r shall be as large as possible.

Test b) may also be carried out without continuous contact between stylus and table surface, by using
an intermediate gauge block and measuring in discrete positions (e.g. 8 points at 45° steps).

See also AR2 in Annex A for radial, axial and tilt error motion tests, especially if the rotary table is
foreseen for turning operations.
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Object

Checking of:

a) intersection of the centre line of the longitudinal median T-slot, or of the cross tenon slot (when
existing) or the line between the alignment holes, with the C’-axis (table rotation),

b) equidistance of the alignment holes with the C’-axis (table rotation).

NOTE This test is performed on the built-in table of the machine or on one representative pallet
clamped in position.

G7.2

Diagram

N

LY | o

b)

e
/ /
Toleranc¢
For a) and|b): 0,030
Measured error
a) b)

a) Gauge b
b) Master

Measuring instruments

locks, or master pins and dial gauge:

pins and dial gauge.

Observat

a) When a
distance f

Adjustthe
readings @

The dial g

Half of the

ons and references to 1S0:230-1
‘om the axis of rotation.

n the gauge blocks are the same.

Turn the thble by 180° and again adjust the C’-axis in order to have the same readings on both gayige
blocks, withoutipesetting the dial gauge.

new reading on the dial gauge is the error to be reported.

reference T-slot or a tenoir'slot is provided, insert two gauge blocks in the slot, at the same
C’-axisin order to'have the T-slot parallel to the X-axis (or Y-axis). Parallel means that the fwo

uge, placed.on a fixed part of the spindle head, is then zeroed.

When the alignment holes are provided, two master pins which fit in the holes and have protruding
parts of the same diameter shall be used instead of the gauge blocks.

The same procedure as above is then to be followed.

b) The readings to be compared are the maximum radial readings on each master pin, which can also
not precisely correspond to readings at 180° from each other, because of the error read in a).
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Object G7.3
Checking of E¢(gxy,, parallelism of the reference line L, represented by:

a) the longitudinal median or reference T-slot, or
b) the longitudinal edge locator
of the table, with C’ = 0°, to the X-axis motion.

NOTE This testis performed on the built-in table of the machine or on one representative pallet
clafnped in position.

Diggram
a) b)
Y
L
X' X
. /LR
Yl
() (\
-~
-~

Tolerance

Forla) and b): 0,025 over a measuring length of 500

Mepsured error
a) b)
Mepsuring instruments

Gauge blocks, straightedge and dial\gauge.
Obsgervations and references.to. 1SO 230-1:2012, 12.3.2.5

Y-akis to be locked, if possible:

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be lo¢ked, the
dia] gauge shall be placed on the spindle head of the machine.

When a referenceiI3slot or a tenon slot is provided, insert two gauge blocks in the slot, at thg same
distance fromthe C’-axis of rotation.

Zertjo the diahgauge against one of the gauge blocks.
Th¢ dial gauge reading on the second gauge block is the error to be reported.

Thémea ement may 3
longitudinal edge locator.

Note the direction of the error.

The arrow between the reference line L and the X-axis shows the positive direction of the E¢ gy,
error.

NOTE The result of this tests includes the possible E¢. positioning error of the C’-axis at 0°.

©1S0 2023 - All rights reserved 33


https://standardsiso.com/api/?name=d83f076f5b041105f35d54bb9570035f

ISO 10791-2:2023(E)

Object G7.4
Checking of E(gyy,, parallelism of the reference line L, represented by:

a) the median or reference T-slot (if transverse), or

b) the transverse edge locator
of the table, with C’ = 0°, to the Y-axis motion.

NOTE This testis performed on the built-in table of the machine or on one representative pallet

clamped iy position.
Diagram
a) b)
Y
X X
Yl
(o2

Tolerance
For a) and |b): 0,025 over a measuring length of 500
Measured error
a) b)
Measuring instruments
Gauge blodks, straightedge and dial gauge.

Observations and references to 1S0.230-1:2012, 12.3.2.5
X-axis to b locked, if possible.

If the spinglle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge(shall be placed ansthe spindle head of the machine.

When a reference T-slofor‘a cross tenon slot is provided, insert two gauge blocks in the slot, at the
same distdnce from the-centre of the table.

Zero the dlal gauge'dgainst one of the gauge blocks.

The dial gguge'reading on the second gauge block is the error to be reported.

The measUTemMent may aiso be made on a straightedge tald parattel to the reference 1-3iot, or
transverse edge locator.

Note the direction of the error.

The arrow between the reference line L and the Y-axis shows the positive direction of the E¢ gy,
error.

NOTE The result of this tests includes the possible E. positioning error of the C-axis at 0°.
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Object G7.5
Checking of parallelism of the C’-axis (table rotation) to the Z-axis motion:

a) Ejz)c in the vertical YZ plane,

b) Eggyz)c in the vertical ZX plane.

NOTE This testis performed on the built-in table of the machine or on any pallet clamped in
position.

DiEl‘gl ant

a) b) Alternativenjethod
] Z [T 11 /A I—[
Y' Y I X X
Li- T Cl
j (OUVA ! t yA
1=
e—]
Key

[ measurement distance

Tolerance

Forta) and b):  0,040/1 000 (= 0,020/500, or4® urad or 8”)
Measured error

a) b)
Measuring instruments

Cylindrical square with flange basé, or test sphere as an alternative, and dial gauge, or optidal
insfruments.

© IS0 2023 - All rights reserved 35


https://standardsiso.com/api/?name=d83f076f5b041105f35d54bb9570035f

ISO 10791-2:2023(E)

Observations and references to 1SO 230-1:2012, 3.6.3, 10.1.4, 10.1.4.3, or 10.1.4.4 as an
alternative

a) Y-axis to be locked, if possible.

b) X-axis to be locked, if possible.

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the spindle head of the machine.

Step 1) Fixa cylindrical square with a flange base on the table and centre it on approximately on the
axis of rotation.

Step 2) Fik the dial gauge on the spindle head with the stylus oriented in the Y-axis directionfora)
and X-axis direction for b).

Step 3) Tquch the cylindrical square by the stylus, close to the cylinder bottom, and find the maxi-
mpm dial gauge reading by small movements along the X-axis for a) and alongthe Y-axis fof
b)| Zero the dial gauge.

Step 4) Mpve the head apart from the table along the Z-axis, and touch again the,cylinder close to
it§ top. Note the Z travel length. Find the maximum dial gauge readingpy small movement;
alpng the X-axis for a) and along the Y-axis for b) and note the new‘dial gauge reading.

Step 5) Tyrn the table by 180°, and repeat steps 3) and 4).

Step 6) Fdr both measurements a) and b), the average value (half the\algebraic sum) of the two dia
gduge readings on top of the cylinder, divided by the measurement distance ! in the Z direct
tign, is the error to be reported.

As an alternative, a test sphere shall be mounted on the spindle head of the machine and the dial
gauge shall be mounted on the table.

The test SEhere shall be centred with respect to the C<axis average line by moving X and Y-axes, while
rotating the C’-axis.

The Z-axiq shall then be moved to another locatien.
The dial gjuge is re-positioned to read against the test sphere at this new location.

The error |n the centre position shall besrécorded as half the difference of the readings of the dial
gauge at opposite points on the sphere, divided by the measurement distance / in the Z direction.

This alterpative method can beused when it is possible to touch a complete horizontal circumference
of the sphere.

In both plgnes, the arrow-bétween the C-axis and the Z-axis shows the positive direction of the errpr.
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Object G7.6
Checking of Eox) - squareness of the C’-axis (table rotation) to the X-axis motion.
NOTE This test is performed on the built-in table of the machine or on any pallet clamped in
position.
Diagram
?
X= =X
=\
7 C
Tl
g .>
| | ]
SRR | p——
———
Key
I measurement distance
Tolerance
0,0B0/1 000 (= 0,015/500, or 30 purad or 6”)
Measured error
Measuring instruments
Gayige block and dial gauge.
Obpervations and references to ISO 230+<1
Z-axis to be locked, if possible.
Plalce a gauge block on one edge of thé table, in the X direction apart from the axis of rotatiop; fix the
diall gauge on the spindle, if it can be locked, or on the spindle head; bring the stylus into corftact with
the gauge block and zero the.dial gauge.
Rotate the C-axis (table rotation) by 180° and move the X-axis until the stylus again toucheg the
gayge block in the same\point.
The dial gauge reading, divided by the measurement distance / in the X direction, is the errdr to be
reforted.
The value of-angle @, being less than, equal to or greater than 90°, shall be noted.
The¢ measured error Egox) is positive when a > 90° and is negative when a < 90°.
Thistest'can be influenced by the E;y vertical straightness error of the X-axis.
The squareness error obtained with this test can be cross checked with the results of tests G5.7 and
G7.5b).
As an alternative, this squareness can be evaluated by test BK2 b) from ISO 10791-6:2014.
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Object G7.7
Checking of Ep(gy)¢ squareness of the C’-axis (table rotation) to the Y-axis motion.
NOTE This testis performed on the built-in table of the machine or on any pallet clamped in
position.
Diagram
NI
= =Y
/e
c
|
L c
O _n
| ; ]
|
-
1
Key
I measureent distance

Toleranc

0,030/1 010 (=0,015/500, or 30 prad or 6”)

Measured

error

Gauge blo

Measuring instruments

k and dial gauge.

Observat

dial gauge

Rotate the
gauge blog

reported.

The meas
This test

Z-axis to He locked, if possible.

Place a gayige block on one edge of the tablg, in the Y direction apart from the axis of rotation; fix tHe

the gauge plock and zero the dial gauge:

The dial gauge reading, divided by the measurement distance / in the Y direction, is the error to be

The value pf angle ¢, being less than, equal to or greater than 90°, shall be noted.

As an alternative, this squareness can be evaluated by test BK2 b) from ISO 10791-6:2014.

ons and references to I1SO 230-1

on the spindle, if it can be locked, or on the spindle head; bring the stylus into contact with

C’-axis (table rotation) by 180° and move the Y-axis until the stylus again touches the
K.

red error’Ey gy is positive when a > 90° and is negative when a < 90°.

n’be influenced by the E;y vertical straightness error of the Y-axis.
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Object

offsets

ang para"o]iom

a)  Eyq(c)c in the vertical YZ plane,
b)  Ex(ocyc in the vertical ZX plane,

Checking of coaxiality of the C’-axis (table rotation) and the spindle axis (C) at a predefined position
of the X- and Y-axes:

G7.8

TTCTTOTIT

A)  Epq(cyc in the vertical YZ plane,
b) Epg(ocyc in the vertical ZX plane.

Parallelism in both planes a) and b): 0,040/1 000 (= 0,020/500, or 40 prad or 8”)

Diggram
a) b)
I () [T 17 ©
v X' X
T
E : r
<l1>
e
Key
[ mpasurement distance
Tolerance
Offset in both planes a) and b): 0;015

Measured error
Offset a)
Parallelism &)

b)
b)

Measuring instruinents

Cylindrical squate with flange base and dial gauge.
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Step 1)
Step 2)

Step 3)

Observations and references to ISO 230-1

Step 4)
Step5) F

In both pl3
two axes (

Step 6)

li

In both pl3
two axes (

The coaxid

In both pl3
and the p3
divided by

The dial g
and/or ch

NOTE Ift
parallelisy
and the Z-

In both pl3
the parallg

Move the X-axis and the Y-axis to the theoretical position where the C-axis (table rotation)
and the spindle axis should coincide.

Fix the cylindrical square on the table and the dial gauge in the spindle with the stylus
square to the spindle axis in radial direction.

With the dial gauge stylus oriented in the Y-axis direction for a) and in the X-axis direction
for b), touch the cylindrical square, close to the bottom, and find the maximum dial gauge

IreaaHeoy o oA oo o oo tarofRe it o Ssamey O-tre-6

rn both the table and the spindle by 180°.
nd the maximum dial gauge reading as in step 3.

nes a) and b) half of the new reading on the dial gauge represents the offset’between the
f rotation at the bottom of the cylindrical square.

ithout moving the Z-axis (see NOTE), repeat the measurements close.to the top of the cy
ndrical square.

ines a) and b) half of the new reading on the dial gauge represents the offset between the
f rotation at the top of the cylindrical square.

lity error contains both offset and parallelism errors.

ines a) and b) the offset error is the one measured at the:bottom of the cylindrical squard,
rallelism error is the difference between the two offsets at the bottom and at the top,
the measurement distance / in the Z direction.

huge arm shall be stiff enough to prevent any pessible reading errors due to its opposite
inging deflections in the different measurentént positions.

his test were carried out in different peSitions of the Z-axis it would be affected by the
h errors between the spindle axis (C)land the Z-axis and between the C’-axis (table rotatipn)
hxis, in both YZ and ZX planes.

ines, the arrow between the C“axis and the spindle axis (C) shows the positive direction
lism error.
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8 Tables rotating around a vertical C’-axis and tilting around a horizontal A’-axis

8.1 General

Figure 4 shows an example of a machining centre with vertical spindle and a table rotating around a
C’-axis and tilting around a horizontal A-axis.

~ +Z

+Y

+X

Key

1 [rotary table (C’-axis) 6  column (X-axis)

2 |trunnion 7  spindle head slide (Z-axis)
3 |tilting cradle (Aaxis) 8  spindle head

4 |table saddlg(¥’-axis) 9  spindle [(C)]

5 |bed (b)

Figure 4 — Example of vertical five-axis machining centre with a table rotating arpund a
vertical C-axis and tilting around a horizontal A-axis — Machining cenfre ISO 10791-2 V
[WCAYDXZ(C)t]
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8.2 Tests for rotary tables tilting around the A’-axis

Object G8.1
Checking of

a) run-out of the centre hole of the table (when the centre hole is used for locating purposes),

b) face error motion of the table surface.

NOTE This testis performed on the built-in table of the machine or on one representative pallet
clamped in position.

Diagram

a)

s

Key
Wy length|of the shorter side of the table or pallet rmeasurement radius
Toleranceg
a) 0,025
b) Wr < 500 0,030

500 < Wy < 800 0,040
For W; greater than 800 mm, the telerance shall be agreed between user and supplier/manufacturgr.

Measured error

For W = and =

a) b)

Measuring instruments

a) Dial gayge. b) Gauge blocks and dial gauge.

Observatjons and references to I1SO 230-1:2012, 9.1 and ISO 230-7:2015, 5.3 and 5.4

If the spin dle-<can be locked the dial gauge may be mounted on it _Ifthe Qpinrﬂp cannot be locked tHe
dial gauge shall be placed on the spindle head of the machine.

For b) the radius r shall be as large as possible.

Test b) may also be carried out without continuous contact between stylus and table surface, by using
an intermediate gauge block and measuring in discrete positions (e.g. 8 points at 45° steps).

See also test AR2 in Annex A and BR1 in Annex B for radial, axial and tilt error motion tests,
especially if the rotary table is foreseen for turning operations.
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Object G8.2
Checking of:

a) intersection of the centre line of the longitudinal median T-slot, or of the cross tenon slot (when
existing) or the line between the alignment holes, with the C’-axis (table rotation),

b) equidistance of the alignment holes with the C’-axis (table rotation).

NOTE This test is performed on the built-in table of the machine or on one representative pallet
clamped in position.

Diggram

e e 0

Tolerance

Forf a) and b): 0,030

Measured error

a) b)
Measuring instruments

a) Glauge blocks, or master pins, and dial'gauge.

b) Master pins and dial gauge.
Obgervations and references-to I1SO 230-1

a) When a reference T-slot©1;a tenon slot is provided, insert two gauge blocks in the slot, at fhe same
distance from the axis of sotation.

Adjust the C-axis in-order to have the T-slot parallel to the X-axis (or Y-axis). Parallel means|that the
two readings on the-gauge blocks are the same.

The dial gauge,,placed on a fixed part of the spindle head, is then zeroed.

Tuyn the table by 180° and again adjust the C’-axis in order to have the same readings on bofh gauge
bloicks, without resetting the dial gauge. Half of the new reading on the dial gauge is the err¢r to be
reforted.

When the alignment holes are provided, two master pins which fit in the holes and have protruding
parts of the same diameter shall be used instead of the gauge blocks.

The same procedure as above is then to be followed.

b) The readings to be compared are the maximum radial readings on each master pin, which can also
not precisely correspond to readings at 180° from each other, because of the error read in a).
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Object G8.3

Checking of parallelism of a representative line T of the table surface to the X-axis motion, in all the
possible angular positions of the A-axis (cradle tilting) among those listed hereunder and shown in
the diagram:

a) with the table in vertical position at A" = -90°, E¢oxy1, o' = ~90-
b)  with the table in horizontal position at A" = 0°, Eg(oxyr, o' - r

c¢) with the table in vertical position at A’ = +90°% E¢gyyr a0 - Lgq-

NOTE Tl':ts test is performed on the built-in table of the machine or on one representative pallef

clamped i position.
Diagram
a) b) 9)
Y Z Y
T
X' X X X X' X
T T
Y VA v
<—|—>
- |
l
T ,
by by o
/(ﬁ\\\
DA //
G %
Iy I
A'=-90° A'=0° A'=+90°
Key
ay, a,, by, B, ¢4, ¢, readings I measurement distance
Tolerance
For a), b) dnd ¢): I < 500 0,020 over a measuring length of 500
500 < I =< 800 0,025 over a measuring length of 500

For [ greaterthan 800 mm the tolerance shall be agreed between supplier/manufacturer and user.

Measured error

a) (ap-ay)= b) (by-by)= Q) (c3-cq)
Measuring instruments

Straightedge, gauge blocks and dial gauge.
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Observations and references to I1SO 230-1:2012, 12.3.2.5
The test shall be carried out in the angular positions a), b) and c), if possible, of the A-axis.
For a) and c), Y-axis to be locked, if possible. For b), Z-axis to be locked, if possible.

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the spindle head of the machine.

The stylus of the dial gauge shall be placed approximately in the working position of the tool.

The measurement may be made on a straightedge laid parallel to the table surface.

Ift 1T ta‘u}c ;b llCVV}_y sl Uulld, t}lC dia} Sausc at_y}uo ula_y dil Cbtly tUub}l t}lC talulc SUl fa\,c. Ifa
strhightedge is used, it shall be safely fixed to the table, in order to allow the readings to-b&taken in
all the possible angular positions of the A-axis.

The algebraic sign of the readings shall be carefully noted.

Th¢ algebraic sign of the results Aa = (a, - a;), Ab = (b, - by) and Ac = (¢, - ¢4),iS)positive when the
redding in point 2 is greater than in point 1, i.e. when the straightedge in point2 is closer to|the dial
gayge than in point 1.

Note the readings and the distance I between the two readings.
The results Aa, Ab and Ac, with their algebraic signs, are the errorgte be reported.

For all angular positions of the A-axis the arrow between thetable representative line T andl the
X-alxis shows the positive direction of the error.

Th¢ setup of G8.3 can be used for tests G8.13 to G8.18.
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Object G8.4
Checking of parallelism of the reference line L, represented by:

— the longitudinal median or reference T-slot (if existing), or

— the longitudinal edge locator of the table

to the X-axis motion, in all the possible angular positions of the A’-axis (cradle tilting) among those
listed hereunder and shown in the diagram:

LR R | o P | - dnn h - da AL faVaVYolll i
a) withrtretaorerverticar posTioTata—=— YU TR(OX)L, A = -90
)

b) with the table in horizontal position at A’ = 0°, EC(OX)L' A=
¢) withthe table in vertical position at A’ = +90°, Egox)1, o’ = +90-

NOTE Thjs test is performed on the built-in table of the machine or on one representativé pallet
clamped in} position.

Diagram
a) b) c)
Z Y Z
L L
X' X X' X X' X
L
Y' A
L
_ [

7N

/ —

)

2
& &
A'=-90° A'=0° A'=+90°

Key
dq, d,, eq, e, f1s fy~Treadings I measurement distance
Tolerance
For all angular positions of the A-axis: 0,025 over a measuring length of 500
Measured error
Forl= ...
a)-(dy-dy) = b) -(e;-eq) = A-(-f)=

Measuring instruments

Straightedge, or gauge blocks, and dial gauge.
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Observations and references to 1SO 230-1:2012, 12.3.2.5

The test shall be carried out in the angular positions a), b) and c), if possible, of the A-axis.

For a) and c), Z-axis to be locked, if possible.
For b), Y-axis to be locked, if possible.

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the

dia

1 gauge shall be placed on the spindle head of the machine.

Th
Wi

from each other.

Th

If a
in
For
(2

gay
If i
Wit
Th

Th
reg
gay

No
Th

For
shd

Th

NO
err

en a reference T-slot or a tenon slot is provided, insert two gauge blocks in the slot,atla d

straightedge is used, it shall be safely fixed to the table, in order to allow the readings to
111 the possible angular positions of the A-axis.

the measurement (d, - d,), the dial gauge shall be oriented downward, and for measure
- f1) the dial gauge shall be oriented upward, in order to touch the same side of the strai
ge blocks.

is difficult or unsafe for a machine operator to read the dial gauge when A’ = +90°, an in5
h remote reading should be used, or G8.15 should be applied as an alternative.

e algebraic sign of the readings shall be carefully neted.

 algebraic sign of the results Ad = (d, - d,), Aes (e, - eq) and Af = (f, - f;) is positive whe
ding in point 2 is greater than in point 1, i.e&vhen the straightedge in point 2 is closer to
ge than in point 1.

e the readings and the distance [ between the two readings.
e results Ad, Ae and Af, with theiralgebraic signs, are the errors to be reported.

all the angular positions of the A’-axis the arrow between the reference line L and the X-
ws the positive directionofthe error.

e setup of GB.4 can be used for tests G8.12 and G8.15 to G8.18.

TE The result of thistest includes the possible E. positioning error of the C™-axis at 0°,
or motion E, ofthte A-axis at 0° and the tilt error motion Ej, of the A-axis at —~90°/+909

e stylus of the dial gauge shall be placed approximately 1n the working position of the toof.

e measurement may also be made on a straightedge laid parallel to the reference T-slot, dr
lonfgitudinal edge locator.

istance ]

be taken

ment
rhtedge or

trument

h the
the dial

AXis

the tilt
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Object

b) Epgz)c in the vertical ZX plane.

G8.5

Checking of parallelism of the C’-axis (table rotation), with the table in the horizontal position
(A’ = 0°), to the Z-axis motion:

a) Ej(z)c in the vertical YZ plane,

Diagram
2) h) Alternative method
J: Z Z
I 1 Yl '_l| X' E X
Cl Z' Zl C'
= ’ :
? ——
C . I
s | | |
[ I I o .
1]
C
Key
[ measurement distance
Tolerancg
For a) and|b):  0,040/1 000 (= 0,020/500, or 40"prad or 8”)

a)

Measured error

b)

Cylindric

Measuri:E instruments

square with flange base,or test sphere as an alternative, and dial gauge, or optical
instruments.

48
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Observations and references to ISO 230-1:2012, 3.6.3, 10.1.4, 10.1.4.3, or 10.1.4.4 as alternative

a) Y-axis to be locked, if possible. The result of test a) includes the possible E, ,, positioning error of the

As
gau

Th
rot]

Th
Th

Th
gau

Th
of 4

An alternative, a test sphere shall be mounted on the spindle head of the machine and the
ge shall be mounted on the table.

b test sphere shall be centred with respect to;the C-axis average line by moving X and Y-z
ating the C’-axis.

b Z-axis shall then be moved to anotherlecation.

e dial gauge is re-positioned to read‘against the test sphere at this new location.

s alternative method can be used when it is possible to touch a complete horizontal circy
he sphere.

A’-axis at 0°.

b) X-axis to be locked, if possible.

Step 1) Fix a cylindrical square with a flange base on the table and centre it on approximately on the
axis of rotation.

Step 2) Fix the dial gauge on the spindle head with the stylus oriented in the Y-axis direction for a)
and X-axis direction for b).

Step 3) Touch the cylindrical square by the stylus, close to the cylinder bottom, and find’the maxi-
mum dial gauge reading by small movements along the X-axis for a) and along the Y-axis for
b). Zero the dial gauge.

Step 4) Move the head apart from the table along the Z-axis, and touch again the cylinder dlose to
its top. Note the Z travel length. Find the maximum dial gauge reading by small mdvements
along the X-axis for a) and along the Y-axis for b) and note the new reading.

Step 5) Turn the table by 180°, and repeat steps 3) and 4).

Step 6) For both measurements a) and b), the average value (halfthe algebraic sum) of the|two dial
gauge readings on top of the cylinder, divided by the nieasurement distance / in th¢
Z-direction, is the error to be reported.

In both planes the arrow between the C’-axis and the Z-axis Shows the positive direction of the error.

e error in the centre position shall’be recorded as half the difference of the readings of thie dial
ge at opposite points on the sphere, divided by the measurement distance [ in the Z-dire

dial

xes, while

Ction.

mference
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Object

G8.6

Checking of squareness of C’-axis (table rotation) to the X-axis motion, in all the possible angular
positions of the A-axis (cradle tilting) among those listed hereunder and shown in the diagram:

a) with the table in the vertical position at A’ = -90° E¢ (o)’ o' = —90»

b)  with the table in the horizontal position at A’ = 0° Eox)c’, ' = 0»

c) with the table in the vertical position at A’ = +90° E¢oxyc o’ = +905

Diagram
a) b) c)
Y C Z Y
a
X' X X' X X' X
a o
Y AN Y' C
<—|—>
-—|| | — ~ |
L Ul
e ,
=5 AN !
[ N
(@)
N =
I 1 S
A'=-90° A'=0° A'=+90°
Key
I measurerpent distance
Tolerance
For a), b) apd ¢): 0,040/1.000 (= 0,020/500, or 40 prad or 8”)
Measured error
a) b) 0)
Measuring instruments
Gauge blodkand dial gauge.
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Observations and references to I1SO 230-1:2012, 10.3 and 10.3.3

The test shall be carried out in the angular positions a), b) and c), if possible, of the A™-axis.

For

For

a) and c) Y-axis to be locked, if possible.
b) Z-axis to be locked, if possible.

Place a gauge block on one edge of the table, in the X-direction apart from the C’-axis of rotation; fix
the dial gauge on the spindle, if it can be locked, or on the spindle head; bring the stylus into contact
with the gauge block and zero the dial gauge.

Rotate the C’-axis (table rotation) by 180° and move the X-axis until the stylus again touches the gauge

blo

Th
rep

If it
wit]

Tes
the

The

In 4
neg

As

ck in the same point.

dial gauge reading, divided by the measurement distance / in the X-direction, is the errqg
prted.

is difficult or unsafe for a machine operator to read the dial gauge when A’ = *90°, an ins
h remote reading should be used, or G8.15 should be applied as an alternative.

Es a) and c) can be influenced by the Eyy horizontal straightness error of'the X-axis, and t
E,y vertical straightness error of the X-axis.

value of angle «, being less than, equal to or greater than 90°, shalt be noted.

ative when a < 90°.

hn alternative, this squareness can be evaluated by testBK 2 b) from ISO 10791-6:2014.

r to be
trument

st b) by

1l possible angular positions of the A-axis the measured error is positive when a > 90° and is

©IS
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Object G8.7

Checking of Ep(gy)¢, o' - o Squareness of the C*-axis (table rotation), with the table in the horizontal
position (A’ = 0°), to the Y-axis motion.

Diagram

Z

A/

¢

Key

I measurement distance

Toleranc

0,040/1 010 (=0,020/500, or 40 urad.or 8”)
Measured error

Measuring instruments

Gauge blo¢k and dial gauge.:
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Observations and references to ISO 230-1:2012, 10.3 and 10.3.3
Z-axis locked, if possible.

Place a gauge block on one edge of the table, in the Y-direction apart from the C’-axis of rotation; fix
the dial gauge on the spindle, if it can be locked, or on the spindle head; bring the stylus into contact
with the gauge block and zero the dial gauge.

Rotate the C’-axis (table rotation) by 180° and move the Y-axis until the stylus again touches the
gauge block in the same point.

The dial gauge reading, divided by the measurement distance [ in the Y-direction, is the error to be

reported:

The value of angle «, being less than, equal to or greater than 90°, shall be noted.

The¢ measured error Ep(gy)¢, o - ¢ IS positive when a > 90° and is negative when a <90%
The result of this test includes the possible E, 5 positioning error of the A’-axis at'0°.
This test can be influenced by the E,y vertical straightness error of the Y-axis,

Aspn alternative, this squareness can be evaluated by test BK 2 b) from1S0 10791-6:2014.

© IS0 2023 - All rights reserved
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Object G8.8

Checking of parallelism of the C’-axis (table rotation) to the Y-axis motion, in the possible vertical
positions of the table (depending on the machine configuration):

a) with the table in the vertical position at b) with the table in the vertical position at
A’ =-90° A =+90°
1) in the vertical YZ plane  Ej(gy)c’ o' = —90- 1) in the vertical YZ plane  Ej(gy)c’ o' = +90»
2) in the horizontal XY plane E¢oy o' a = 90, 2) in the horizontal XY plane E¢oyyc' o’ = +90;
Diagram
a)A'=-90°
1) YZ plane 2) XY plane
I ; b
— Y Y X! X
c L U
v [ v
A Z iy '
q = .5

. .
I - ."\\}\H

b) A' = +90%
1) YZ plane 2) XY plane
[ ¢ i
— ¢
Y Y X X

L U ,

|| /A v ©

c 1 [N -0 1| /‘/E’E :I_l
=t
c

Key

I measuremént'distance

Tolerance

For a) and b): 0,050/1 000 (= 0,025/500, or 50 prad or 10”)
Measured error

al) b1)

a2) b2)
Measuring instruments

Cylindrical square with flange base and dial gauge or optical instruments.
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Observations and references to ISO 230-1:2012, 3.6.3,10.1.4, 10.1.4.3
For al) and b1)

E, o positioning error of the A-axis at -90° or +90°.

For a2) and b2) X-axis to be locked, if possible.
The following steps shall be followed.
Step 1) Fix a cylindrical square with a flange base on the table and centre it approximately on the

C’-axis of rotation.

Z-axis to be locked, if possible. The result of tests al) and b1) include the possible

Ste

Ste

Stej

Ste
If it
wif
For
top
ref
For
pos

p 2) Fix the dial gauge on the spindle, if it can be locked, or on the spindle head, with th
oriented in the Z-axis direction for al) and b1) and X-axis direction for a2) and:h2])

maximum dial gauge reading by small movements along the X-axis for al) and b1) :
the Z-axis for a2) and b2). Zero the dial gauge.

p 4) Move the head apart from the table along the Y-axis, and touch againthe cylinder c
top. Note the Y-axis travel length. Find the maximum dial gauge.reading by small n
along the X-axis for al) and b1) and along the Z-axis for a2) and-b2), and note the n
gauge reading.

p 5) Turn the table by 180°, and repeat steps 3) and 4).

is difficult or unsafe for a machine operator to read the dial)gauge when A’ = +90°, an in5
h remote reading should be used, or G8.15 should be applied as an alternative.

all measurements, the average value (half the algebfaic sum) of the two dial gauge read
of the cylinder, divided by the measurement distance [ in the Y direction, is the error to
orted.

all angular positions of the A-axis, the arrew between the C-axis and the Y-axis shows t
itive direction of the error.

p 3) Touch the cylindrical square by the stylus, close to the cylinder bottom, and find the

e stylus

ind along

ose to its
ovements
bw dial

trument

ngs on
be

he
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Object G8.9

Checking of squareness of the C’-axis (table rotation) to the Z-axis motion in the possible vertical
positions of the table (depending on the machine configuration):

a) A'=-90°(Exz)c,a = -90)»
b) A'=+90° (Epozycn = +90)-

Diagram
a) h)
Z Z
(24 C'
4— N Y Y — N Y Y
Y o L o
A A
/ \
L gt .
— ¢ HL__T1] (o — I I
A'=-90° A'=+90°
Key

I measurement distance

Toleranc¢
For a) and|b): 0,040/1 000 (= 0,020/500,0r"40 prad or 8”)
Measured error

a) b)
Measuring instruments

Gauge blo¢k and dial gauge.
Observatjons and referenees to I1SO 230-1:2012, 10.3 and 10.3.3

Y-axis locKed, if possible.

Place a gayige block’on one edge of the table, in the Z direction apart from the axis of rotation C’; fix

gauge block in the same point. The dial gauge reading, divided by the measurement distance [ in the
Z-direction, is the error to be reported.

If it is difficult or unsafe for a machine operator to read the dial gauge when A’ = +90°, an instrument
with remote reading should be used.

The value of angle a, being less than, equal to or greater than 90°, shall be noted.

In both angular positions of the A-axis the measured error E, )¢ is positive when a > 90° and is
negative when a < 90°.

The result of this test includes the possible E, 5 positioning error of the A’-axis at -90° or +90°.

This test can be influenced by the straightness error of the Z-axis in the YZ-plane, Ey,.
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Object G8.10

Checking of intersection of the C’-axis (table rotation) with the A-axis (cradle tilting) for table
surfaces lower than the A-axis, Ey(opyc, o - o (0nly for machines with nominally zero offset between A’
and C’-axis and without compensation facilities for any offset error)

Diagram

2)A =0° 4) A’ =+90° 7) A’ =0° to +90°

[]
3 ol |
| ]
L] |
2)A =0° 4) A =-90° 7) A = 0°to -9°
NOTE The sketch shows steps 2), 4) and 7) of the test procedure specified in the observations.
Tolerance
0,030

Measured error

Measuring instruments

Test sphere and dial gauge.
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Step 1)
Step 2)
Step 3)

Step 4)

Step 5)
Step 6)

Step 7)

Observations and references to I1SO 230-1:2012, 10.4.3

Half of the new reading on the dial gauge is the error to be reported. Note the direction of the erroi

The dial gauge arm shall be stiff enough to prevent any possible reading errors due to its opposite
and/or chgnging deflections in the different measurement positions,

Fix the sphere support in the spindle, if it can be locked, or on the spindle head. Fix the dial
gauge on the table with the stylus parallel to the table surface in radial direction.

With the table in horizontal position (A’ = 0°), align the C™-axis (table rotation) on the sphere
centre, by means of rotations around the C’-axis and adjustments along the X- and Y-axes.

Lock the X- and Y-axes, if possible.

Turn the table to the vertical position (A’ = -90°, or A’ = +90°, depending on the machine
bnilguration) and again align the C-ax1s (table rotation) on the sphere centre, by means q
btations around the C-axis and adjustments along the Z-axis.

-

ock the Z-axis, if possible.

c
r
L
With the table in horizontal position (A’ = 0°), place a dial gauge, with flat tip, on top of the
table, with the stylus oriented in the vertical direction, touch the sphere and@ero the dial
ghuge.

T

c

urn the table to the vertical position (A’ = -90° or A’ = +90°, depending on the machine
bnfiguration) and note the dial gauge reading.

58
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Object G8.11

Checking of coaxiality of the C’-axis (table rotation) to the spindle axis (C) at a predefined position of
the X- and Y-axes, with the table in the horizontal position (A’ = 0°):

offsets
a)  Eyq(c)c, a =0 inthe vertical YZ plane,

b)  Ex(cyc, a = o in the vertical ZX plane,

ang para"o]iom

A)  Exq(cyc, a = o in the vertical YZ plane,
b)  Eg(ocy)c, o = o IN the vertical ZX plane.
Diggram
a) b}
© (9] @
Ql_) J: > C)

| Y Y

| —I— X <N X

| ¢

= ¢
— 1 o
I I ]
= S
) I
€ \L
1=
L'
I I y

Key
I measurement distanee
Tolerance
Offset in both planes a) and b): 0,015
Parallelismdn,both planes a) and b): 0,040/1 000 (= 0,020/500, or 40 prad or 8”)
Measured error
Offset
a) b)
Parallelism
a) b)

Measuring instruments

Cylindrical square with flange base and dial gauge.
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Step 2)
a

Step3) F

Step 4)

- =

8
Step5) T
Step 6) F

In both pl3
two axes d

Step7) W

(@]

In both pl3
two axes (

The coaxid

In both pl3
and the p3
divided by

The dial g
and/or ch:

In both pl3
the error.

NOTE Ift
parallelisy
and the Z-

Observations and references to 1SO 230-1:2012, 10.2

Step 1) Adjust the A’-axis (cradle tilting) until the C’-axis (table rotation) is parallel to the Z-axis in
the YZ plane.

Move the X-axis and the Y-axis to the theoretical position where the C-axis (table rotation)

nd the spindle axis should coincide.
ix the cylindrical square on the table, and the dial gauge in the spindle with the stylus

square to the spindle axis in radial direction.

1 € dial gauge stylus oriented In the Y-axis direction for aJ and In the X-ax1s directior
r b), touch the cylindrical square, close to the bottom, and find the maximum dial gange
bading by small movements along the X-axis for a) and along the Y-axis for b). Zero-the'di
huge.

irn both the table and the spindle by 180°.

ind the maximum dial gauge reading as in point 4).

ines a) and b), half of the new reading on the dial gauge represents the offset between the
f rotation at the bottom of the cylindrical square.

/ithout moving the Z-axis (see NOTE), repeat the measurements‘close to the top of the
ylindrical square.

ines a) and b), half of the new reading on the dial gauge represents the offset between the
f rotation at the top of the cylindrical square.
lity error contains both offset and parallelism errors;

ines a) and b), the offset error is the one measured-at the bottom of the cylindrical squar
rallelism error is the difference between the two offsets at the bottom and at the top,
the measurement distance I in the Z-direction.

-

huge arm shall be stiff enough to preventany possible reading errors due to its opposite
inging deflections in the different measurement positions.

ines, the arrow between the C-aXis-and the spindle axis (C) shows the positive direction

his test were carried out imdifferent positions of the Z-axis it would be affected by the
h errors between the spindle axis (C) and the Z-axis and between the C’-axis (table rotati
hxis, in both YZ and ZXplanes.
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8.3 Tests for the A'-axis tilting from -90° to +90°

Object G8.12

Checking of parallelism of the A-axis (cradle rotation) to the X-axis motion in the vertical ZX plane,
Ep(oxya

Diagram
- -
Z
X X
1 | ——— |
Al
Zl
l
L |
—
SEI\

Q“"“"“’)

I I Iy
A'=-90° A'=+90°
Key
dq,(d,, f1, f> readings I measurement distance
Tolerance

0,060/1 000 (= 0,02574500, or 50 prad or 10”)
Melasured error

Measuringdnstruments

Strpightedge or gauge blocks, and dial gauge.
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Observations and references to ISO 230-1

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the spindle head of the machine. The stylus of the dial gauge shall be
placed approximately in the working position of the tool.

With the same setup used for G8.4, when a reference T-slot or a tenon slot is provided, insert two
gauge blocks in the slot, at a distance I from each other. The measurement may also be made on a
straightedge laid parallel to the reference T-slot, or longitudinal edge locator.

When neither the reference T-slot, nor edge locators are present, a straightedge shall be aligned
approximately parallel to the X-axis. Ifa straighted d itshallb f 1 fixed to the table, in

For the m¢asurement (d, - d;), the dial gauge shall be oriented downward, and for measurement
dial gauge shall be oriented upward, in order to touch the same side of the straightedgd or

te reading should be used, or G8.15 should be applied as an alternative \Note the readingp
and the diftance | between the two readings. The algebraic sign of the readings'shall be carefully
noted.

The error fo be reported is Egox)n = 1/2(Ad - Af)/1=1/2[(d; - dy) - (f, ~Fl/L

The algebyaic sign of the results Ad = (d, - d;) and Af = (f, - f1) is positive when the reading in poinft 2
is greater than in point 1, i.e. when the straightedge in point 2 is cléser to the dial gauge than in
point 1.

The arrow between the A-axis and the X-axis shows the positive direction of the Egx;, error.

of this test, shows the opposite of the parallelism erropof the reference line L (represented by the

NOTE H]Ifsum of the two readings “Af” and “Ad”, i.e. their-algebraic average, out from the object
straightedge, or T-slot) to the A-axis, which affects the readings in G8.4.
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Object G8.13
Checking of parallelism of the A’-axis (cradle rotation) to the X-axis motion in the horizontal XY plane,
Ecox)a-
Diagram
Y
A A
P A
- ! I<__> X >
LJ LJ Y LJ Ld
Y'
[T
1T\
s_‘io;g \
a S a,
7_,4;‘[F\ l T
\ -~ \
[/ (/ VA N (/ (/ V)
N =%
G G
l
| | 11
A =-90° A’ =+90°
Key
ay,la,, ¢4, ¢, readings I measurement distance
Tolerance
0,060/1 000 (= 0,025/500, or 50 prador 10”)
Measured error
Measuring instruments
Strpightedge or gauge blocks and dial gauge.
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dial gauge

With the s

Observations and references to ISO 230-1

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
The stylus of the dial gauge shall be placed approximately in the working position of the tool.
table surface, safely fixed to the table, in order to allow the readings to be taken in both angular

positions of the A-axis.

If the table is newly ground, the dial gauge stylus may directly touch the table surface.

shall be placed on the spindle head of the machine.

ame setup used for G8.3, place a straightedge on the table, approximately parallel to the

with rem

Note ther
shall be c4

The error

The algebi
is greater
point 1.

The arrow

NOTE Th
of this test
object of G

If it is difficult or unsafe for a machine operator to read the dial gauge when A’ = +90°, an instrument

te reading should be used, or G8.15 should be applied as an alternative.

padings and the distance | between the two readings. The algebraic sign of the readings
refully noted.

Lo be reported is E¢gxyp = 1/2(8a - Ac)/1 = 1/2[(a; - a1) - (¢; - ¢1)]/1.

aic sign of the results Aa = (a, - a,) and Ac = (¢, - ¢4) is positive when the reading in point 2
than in point 1, i.e. when the straightedge in point 2 is closer to the.dial gauge than in

between the A*-axis and the X-axis shows the positive direction-of the E g, error.

e half sum of the two readings “Aa” and “Ac”, i.e. their algebraic average, out from the objgect
, shows the parallelism error of the table representative line T to the A-axis, which is thg
8.14.
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Object G8.14
Checking of parallelism of a representative line T of the table surface to the A-axis (cradle rotation),
Eg(oart-
Diagram
Y Y
T A A
P A
- Alle——>X - A’ ;__> X
nimmmin v LM X v
| Y Y
T
=7\
=zd \
5_‘:\;\'\'_-4 \
a S a,
~ I =
77/{\\\ K ?\\\\
\\\\._//// / \A. \ \! I// //
g G
1
| | | I |
A =-90° A =+90°
Key
ay,la,, ¢4, ¢, readings I measurement distance
Tolerance
0,0R5 over a measuring length of 500;
Measured error
Measuring instruments
Strpightedge or gauge blocks and dial gauge.
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Observations and references to ISO 230-1

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the spindle head of the machine.

The stylus of the dial gauge shall be placed approximately in the working position of the tool.

With the same setup used for G8.3, place a straightedge on the table, approximately parallel to the
table surface, safely fixed to the table, in order to allow the readings to be taken in both angular
positions of the A-axis.

If the table is newly ground, the dial gauge stylus may directly touch the table surface.

If it is difficult or unsafe for a machine operator to read the dial gauge when A’ = +90°, an instrument
with remdte reading should be used, or G8.16 should be applied as an alternative.

Note the rpadings and the distance / between the two readings.
The algebtaic sign of the readings shall be carefully noted.
The error fo be reported is Eggayr = 1/2(8a + Ac) = 1/2[(ay - ay) + (¢; - ¢4)]-

The algebraic sign of the results Aa = (a, - a;) and Ac = (¢, - c¢;) is positive whenthe reading in poirjt 2
is greater than in point 1, i.e. when the straightedge in point 2 is closer to the’dial gauge than in
point 1.

The arrow between the table representative line T and the A-axis shows the positive direction of the
Epon)r €rfor.
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8.4 Tests for the A’-axis tilting from -90° to 0°

Object G8.15
Checking of parallelism of the A’-axis (cradle rotation) to the X-axis motion:
a) Eg(oxya in the vertical ZX plane,
b) E¢(xya in the horizontal XY plane.
Diggram
a) b)
Z Y
Al
X' X X' X
A'
A Y'
<—|—>
Z — Y
X' X X > X
I —]
VA Y
L | [
b5, |
| o)
(( 2/\ i
Iy I \ e & ' .
| —
A' = OO A' = 00
.| Y Z
X' X L h ] X I X
L v | z
LI
a 1 (1 .
ar A — &=
\\i/ L —
1 Iy
A'=-90° A'=-90°
Key
a,, a,, by, by, dy, d,, 4, e, readings I measurement distance
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For a) and

Tolerance

b): 0,050/1 000 (= 0,025/500, or 50 prad or 10”)

a)

Measured error

b)

Straighted

Measuring instruments

ge or gauge blocks and dial gauge.

Observat

If the spin
dial gauge
The stylus
For measu
to +90°, w

surface, sg
of the A’-aj

If the tablg
Take ther

For measu
to +90°, w
blocks in t

The meas

When nei

The meas
In both pl3
a) The par
b) The par
The result

longitudinal edge locator.

approximgtely parallel to the X-axis. If a straightedge is used, it shall be safely fixed to the table, in
order to allow the readings to be taken in bath .angular positions of the A-axis.

Take the rpsults Ad = (d, - d;) and Ae = (e, ~&;).
The algebfaic sign of the readings shallt-be carefully noted.

Oons and references to 1ISO230-1

le can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, th
shall be placed on the spindle head of the machine.

of the dial gauge shall be placed approximately in the working position of the.tool.

rements (a, - a;) and (b, - b;) with the same procedure used for G8.3 (without moving A
hich is not possible), place a straightedge on the table, approximately parallel to the tablg
fely fixed to the table, in order to allow the readings to be taken in both angular position|
is.

[72)

is newly ground, the dial gauge stylus may directly touch the table surface.
psults Aa = (a, - a;) and Ab = (b, - by).

rements (d, - d;) and (e, - e;) with the same procedure used for G8.4 (without moving A
hich is not possible), when a reference T-slot or a ten@nslot is provided, insert two gauge
he slot, at a distance [ from each other.

rement may also be made on a straightedge laidparallel to the reference T-slot, or

er the reference T-slot, nor edge locators are present, a straightedge shall be aligned

rement distance [ shall'be the same for all readings.
ines the arrow between the A’-axis and the X-axis shows the positive direction of the err¢r.
allelism error jnthe vertical ZX plane is: Eggxyy = 1/2 (-Aa + Ab + Ad - Ae)/1.

allelism error’in the horizontal XY plane is: E¢ox)n = 1/2 (Aa - Ab + Ad - Ae)/1.

s of test$G8.15 and G8.16 are determined separately by the formulae shown in each test
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Object G8.16
Checking of parallelism of a representative line T of the table surface to the A-axis (cradle rotation)
Eg(oart-
Diagram
Z
A
A 7—>X
T T v
Z'
Z —] Y
X' X INp'¢ > X
I -
VA Y’
_l%g_ [
by} N 2| L
N
( 2/\ i
Iy I I e e ' )
11 ]
A= 0° A= 0°
|| Y Z
X' X L 1 X' I X
Y I VA
\ dl d' |
[ I I
A'=-90° A'=-90°
Key
ay, by, by d, ds e, e readings I measurement distance
Tolerance
0,025 over a measuring length of 500
Measured error
Measuring instruments
Straightedge or gauge blocks and dial gauge.
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Observations and references to ISO 230-1

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the spindle head of the machine.

The stylus of the dial gauge shall be placed approximately in the working position of the tool.

The straightedge shall be placed on the table, approximately parallel to the table surface, safely fixed
to the table, in order to allow the readings to be taken in both angular positions of the A™-axis.

For this test, setup and test procedure of G8.15 shall be used (without moving A’ to +90°, which is not
possible).

Take the rpsults Aa = (a, - a;) and Ab = (b, - b).
Take the rpsults Ad = (d, - d;) and Ae = (e, - e;).
The algebfaic sign of the readings shall be carefully noted.

The measyirement distance [ shall be the same for all readings.

The parallelism error of the table representative line T to the A-axis is:
Egomyr = }/2 (ba + Ab - Ad + Ae).

The arrow between the table representative line T and the A-axis shows thepositive direction of the
Egoay erfor.

The resulffs of tests G8.15 and G8.16 are determined separately by thesfermulae shown in each test
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8.5 Tests for the A’-axis tilting from 0° to +90°

Object G8.17

Checking of parallelism of the A-axis (cradle rotation) to the X-axis motion:

a) Ep(xya in the vertical ZX plane,

b) Ec(xya in the horizontal XY plane.

Diagram
a) b)
Z Y
X X X X
Al
Z Y
X' X | x X
— B
Z — Y’
l L U
1 ]
N
bl bZ 1
RN
/ —
@)t
pd
\t
Iy I e e
i 111
A'=0° A'= 0°
= 1
<= X' X X' . ¢
L L Y' VA
T ]
|
7N
LY
\\/ )
~
Cq Cy
A' =+9(0° A'=+90°
Key
by, by, ¢4, €y, €4, €9, f1, f> Teadings I measurement distance
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Tolerance

For a) and b): 0,050/1 000 (= 0,025/500, or 50 prad or 10”)
Measured error

a) b)

Measuring instruments

Straightedge or gauge blocks and dial gauge.

Observations and references to ISO 230-1

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the dial gauge

shall be plafed on the spindle head of the machine.
The stylus ¢f the dial gauge shall be placed approximately in the working position of the tool.

For measurements (b, - b;) and (c, - ¢;) with the same procedure used for G8.3 (without moving A% toi<90°,
which is nof possible), place a straightedge on the table, approximately parallel to the table surface,safely fiJ
to the table} in order to allow the readings to be taken in both angular positions of the A’-axis.

If the table |s newly ground, the dial gauge stylus may directly touch the table surface.
Take the repults Ab = (b, - b;) and Ac = (¢, - ¢4).

For measurements (e, - e;) and (f; - f;) with the same procedure used for G8.4 (witheut moving A’ to -90°,
which is nof possible), when a reference T-slot or a tenon slot is provided, insert two gauge blocks in the slot,
a distance l[from each other.

The measufement may also be made on a straightedge laid parallel to the'beference T-slot or
longitudingl edge locator.

When neither the reference T-slot, nor edge locators are present, a straightedge shall be aligned
approximafely parallel to the X-axis. If a straightedge is used, it shall be safely fixed to the table, in
order to allpw the readings to be taken in both angular positions-of the A’-axis.

For the megdsurement (f, - f;), the dial gauge shall be oriented upward, in order to touch the bottom side of t
straightedge or gauge blocks.

If it is difficult or unsafe for a machine operator to read'the dial gauge when A’ = +90°, an instrument with ref

mote readipg should be used, or G8.15 should be-applied as an alternative.

Take the repults Ae = (e, — e;) and Af = (f, - f1).

The algebrdic sign of the readings shall be.carefully noted.

The measufement distance [ shall be the-same for all readings.

In both plamnes the arrow between(the A-axis and the X-axis shows the positive direction of the error.
a) The parajlelism error in thevertical ZX plane is: Eg(ox)x = 1/2 (Ab = Ac + Ae - Af)/L

b) The parafllelism error inthe horizontal XY plane is: E¢oxya = 1/2 (Ab - Ac - Ae + Af)/L.

The results|of tests G8.17-and G8.18 are determined separately by the formulae shown in each test.

red
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Object G8.18
Checking of parallelism of a representative line T of the table surface to the A-axis (cradle rotation),
Eg(oart-
Diagram
Z
A
A'—r =X
>
- Z \J Y
Z [
X' X o x - X
Z — Y’
1 o
| J
W5
bl bZ |
-
(N
\\ v/
b
(i
[ e o
] — -
A= 0° A'= 0°
[ | Y Z
— Il
—
- X' X X' =X
— ! !
| |
1
RN
/ P
)
~
Cq Cy
A' = +90° A'=+90
Key
by, by, ¢4, ¢y, €4, €9, f1, f> Teadings I measurement distance
Tolerance
0,025 over a measuring length of 500.
Measured error
Measuring instruments
Straightedge or gauge blocks and dial gauge.
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Observations and references to ISO 230-1

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the spindle head of the machine.

The stylus of the dial gauge shall be placed approximately in the working position of the tool.

For this test, setup and test procedure of G8.17 shall be used (without moving A’ to =90°, which is not
possible).

For the measurement (f, - f;), the dial gauge shall be oriented upward, in order to touch the bottom
side of the straightedge or gauge blocks.

If it is difficult or unsafe for a machine operator to read the dial gauge when A’ = +90°, an instrument
with remdte reading should be used, or G8.15 should be applied as an alternative.

Take the rpsults Ab = (b, - b;) and Ac = (¢, - ¢4).

Take the rpsults Ae = (e, - e;) and Af = (f, - f1).

The algebrtaic sign of the readings shall be carefully noted.
The measyirement distance [ shall be the same for all readings.

The parallelism error of the table representative line T to the A™-axis is:
Egomr.a q1/2 (Ab + Ac - Ae + Af).

The arrow between the table representative line T and the A-axis shows the positive direction of the
Eg(oayr erfor.

The resultfs of tests G8.17 and G8.18 are determined separately by the formulae shown in each test
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9 Tables rotating around a vertical C’-axis and tilting around a horizontal B’-axis

9.1 General

Figure 5 shows an example of a machining centre with vertical spindle and a horizontal table, rotating
around a vertical C-axis and tilting around a horizontal B’-axis.

5

Key

1 [rotary table (C’-axis)

2 |tilting cradle (B’-axis)

3 |bed (b)

4 |longitudinal slide(X-axis)

5 cross slide (Y-axis)
6  spindle head (Z-axis)
7  spindle [(C)]

[wC B bXYZ(C)t]

+/4

+Y

+B

+X

Figure.5 + Example of vertical five-axis machining centre with a table rotating ar
vertical'C’-axis and tilting around a horizontal B’-axis — Machining centre ISO 107

bund a
91-2V
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9.2 Tests for rotary tables tilting around the B’-axis

Object G9.1
Checking of:
a) run-out of the centre hole of the table (when the centre hole is used for locating purposes),

b)
NOTE This testis performed on the built-in table of the machine or on one representative pallet
clamped in position.

face error motion of the table surface.

Diagram
a)
|
s
Key
W length|of the shorter side of the table or pallet rmy¥¢asurement radius
Toleranc¢
a): 0,025
b): Wr < 500 0,030
500 < Wy < 800 0,040
For W} greater than 800 mm, the tolerance shall be agreed between user and supplier/manufacturgr.
Measured error
For W; = and ;=
a) b)

Measuring instruments
a) Dial gayge. b) Gauge blocks and dial gauge.
ons.and references to I1SO 230-1:2012, 9.1 and ISO 230-7:2015, 5.3 and 5.4

Ifth inBléacan balockad thao Aol gavign v b s oindnd o 3+ T4 o o dlo oo o thaoloclead +4
e spintiecanbelockedthe-dialsange-maybe-mounted-onittH-thespindle-cannotbelockedtHe

Observat

dial gauge shall be placed on the spindle head of the machine.
For b) the radius r shall be as large as possible.

Test b) may also be carried out without continuous contact between stylus and table surface, by using
an intermediate gauge block and measuring in discrete positions (e.g. 8 points at 45° steps).

See also test AR2 in Annex A and CR1 in Annex C for radial, axial and tilt error motion tests,
especially if the rotary table is foreseen for turning operations.
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Object G9.2
Checking of

a) intersection of the centre line of the longitudinal median T-slot, or of the cross tenon slot (when
existing) or the line between the alignment holes, with the C’-axis (table rotation),

b) equidistance of the alignment holes with the C-axis (table rotation).

NOTE This test is performed on the built-in table of the machine or on one representative pallet
clamped in position.

Diggram
a) b)

9
Missing image: }7

\\csgva.iso.ch\
shares\Stand-

Data\Draw\Eps\
sup>\sup>-2_ed- Q

2figG9_2a.EPS

Tolerance

Foif a) and b): 0,030

Melasured error

a) b)
Measuring instruments

a) auge blocks or master pins, and dial'gauge.

b) Master pins and dial gauge.

Obgervations and references. te ISO 230-1

a) When a reference T-slot er*@’tenon slot is provided, insert two gauge blocks in the slot, at fhe same
disfance from the axis ofrotation.

Ad]ust the C’-axis in erder to have the T-slot parallel to the X-axis (or Y-axis). Parallel means(that the
two readings on the’gauge blocks are the same.

The dial gauge, placed on a fixed part of the spindle head, is then zeroed.

Tugn the table by 180° and again adjust the C’-axis in order to have the same readings on both gauge
blocks, without resetting the dial gauge.

Half©f,the new reading on the dial gauge is the error to be reported.

When the alignment holes are provided, two master pins which fit in the holes and have protruding
parts of the same diameter shall be used instead of the gauge blocks.

The same procedure as above is then to be followed.

b) The readings to be compared are the maximum radial readings on each master pin, which can also
not precisely correspond to readings at 180° from each other, because of the error read in a).
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Object

Checking of Ep(oy)r parallelism of a representative line T of the table surface to the Y-axis motion,

in all the p
shown in t

a) with the table in vertical position at B' = -90°, Egy)r, g’ = 90,

b) with the table in horizontal position at B’ = 0°, Epovyr, B’ = 0,

c) with

G9.3

ossible angular positions of the B’-axis (cradle tilting) among those listed hereunder and
he diagram:

the table in vertical position at B’ = +90°, Ep(m,)T_ B’ = .9,

NOTE Th

s test is performed on the built-in table of the machine or on one representative pallet

clamped in position.
Diagram
a) b) 9
Y Z Y
T
X X \'d Y X- X
Y'T VA Ty
B' Bl

|
|
|
|

C
17 [¢}
B'=0° B'=+90°

Key
ay, a,, by, ¥y, ¢4, ¢, readings I measurement distance
Tolerance
For a), b) and c): [ < 500 0,020 over a measuring length of 500

500 < | < 800 0,025 over a measuring length of 500
For [ greatpr than"800 mm the tolerance shall be agreed between supplier/manufacturer and user.
Measured error
Forl=........
a) -(a,-ay)= b) -(by-by)= A —(ca-¢q)=

Measuring instruments

Straighted

ge, gauge blocks, and dial gauge.
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Observations and references to ISO 230-1:2012, 12.3.2.5

The test shall be carried out in the angular positions a), b) and c), if possible, of the B’-axis.

For

For

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the

a) and c), X-axis to be locked, if possible.

b), Z-axis to be locked, if possible.

dial gauge shall be placed on the spindle head of the machine.

The stylus of the dial gauge shall be placed approximately in the working position of the tool. The

measurement may be made on a straightedge laid parallel to the table surface.

Iftile table is newly ground, the dial gauge stylus may directly touch the table surface.

If a|straightedge is used, it shall be safely fixed to the table, in order to allow the readings to[be taken
in gll the possible angular positions of the B’-axis.

Th¢ algebraic sign of the readings shall be carefully noted.

Th¢ algebraic sign of the results Aa = (a, - a;), Ab = (b, - b;) and Ac = (¢, - €7)is positive wh¢n the
reafding in point 2 is greater than in point 1, i.e. when the straightedge impoint 2 is closer to fthe dial
gauge than in point 1.

Note the readings and the distance [ between the two readings.

The results Aa, Ab and Ac, with their algebraic signs, are the errors to be reported.

In g1l angular positions of the B-axis, the arrow between the‘table representative line T and|the
X-agis shows the positive direction of the E , yyy error.

The¢ setup of G9.3 can be used for tests G9.13 to G9.18.
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Object

G9.4

Checking of parallelism of the reference line L, represented by:
— the transverse median or reference T-slot (if existing), or
— the transverse edge locator of the table

to the Y-axis motion, in all the possible angular positions of the B’-axis (cradle tilting) among those
listed hereunder and shown in the diagram:

a) withrthetabte-irverticat positiomrat B——90% EA[OY)L, B =90
b)  withjthe table in horizontal position position at B’ = 0°, E¢ gy, g’ - ¢, and
¢) withithe table in vertical position at B’ = +90°, E gyyy, p’ = +90-
NOTE This testis performed on the built-in table of the machine or on one representativé pallet
clamped i position.
Diagram
a) 9
Z Z
L
Yv m‘TY Y;’WYI
, L
VA Z
- -

Key

dy, dy, ey, e

B’ =-90°

b, f1, f> readifgs

f1

I measurement distance

Tolerance

For all ang|

ular pesitions of the B’-axis: 0,025 over a measuring length of 500.

Measured

error

a)-(d,-dy) =

b) -(e;-e4) = -Uh-f)=

Measuring instruments

Straightedge, or gauge blocks, and dial gauge.
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Observations and references to I1SO 230-1:2012, 12.3.2.5

The test shall be carried out in the angular positions a), b) and c), if possible, of the B’-axis.
For d) and f), Z-axis to be locked, if possible.

For e), X-axis to be locked, if possible.

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the spindle head of the machine.

The stylus of the dial gauge shall be placed approximately in the working position of the tool.

; - adistance [
from each other.

Th¢ measurement may also be made on a straightedge laid parallel to the reference T-slot, of
transverse edge locator.

If a[straightedge is used, it shall be safely fixed to the table, in order to allow thereadings to[be taken
in g1l the possible angular positions of the B’-axis.

For|the measurement (d, - d,) the dial gauge shall be oriented downward; and for measurement (f;
- f4) the dial gauge shall be oriented upward, in order to touch the same)side of the straightddge or
gauge blocks.

Thg algebraic sign of the readings shall be carefully noted.

Thg algebraic sign of the results Ad = (d, - d,), Ae = (e, - e,)fAf*= (f, - f1) is positive when the reading
in goint 2 is greater than in point 1, i.e. when the straightedge in point 2 is closer to the dial gauge
thap in point 1.

Notfe the readings and the distance / between the twe readings.
Thg results Ad, Ae and Af, with their algebraic signs, are the errors to be reported.

Forfall angular positions of the B’-axis the arrow between the reference line L and the Y-axis|shows the
poditive direction of the error. The setup,0f:G9.4 can be used for tests G9.12 and G9.15 to G9.]18.

NOTE The result of this test includes:the possible E. positioning error of the C™-axis at 0°, the tilt
errpr motion E.p of the B’-axis at 0%ahd the tilt error motion E, . of the B’-axis at —~90°/+90°
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<I=>C

Object G9.5
Checking of parallelism of the C’-axis (table rotation), with the table in the horizontal position
(B’ = 0°), to the Z-axis motion:

a) Ejz)c in the vertical YZ plane,

b) Epg(yz)c in the vertical ZX plane.
Diagram

a) h) Alternative metho
Z Z
Y Y X' X
¢z 7 C

=+ I |

[ C

%

Key

I measurement distance

Tolerance

For a) and|b): 0,040/1 000 (= 0,020/500, or 40 prad or 8”)

Measured error

a) b}

Measuring instruments

Cylindric;lfsquare with flange base, ot test sphere as an alternative, and dial gauge, or optical
instrumerts.

Observat

Z

82

a) Y-axis t¢ be locked, if possible.

b) X-axis tp be lockedjif'possible. The result of test b) includes the possible Egg positioning error of
B’-axis at ()°.
Step 1) Hix a.cylindrical square with a flange base on the table and centre it on approximately on

alis.of rotation.
Step 2) Fixthe dial gauge on the spindle head with the stylus oriented In the Y-axis direction for a)

and X-axis direction for b).

ons and refereneesS'to 1SO 230-1:2012, 3.6.3, 10.1.4, 10.1.4.3, or 10.1.4.4 as alternati

ve

the

he

Step 3) Touch the cylindrical square by the stylus, close to the cylinder bottom and find the
maximum dial gauge reading by small movements along the X-axis for a) and along the Y-axis
for b). Zero the dial gauge.

Step 4) Move the head apart from the table along the Z-axis, and touch again the cylinder close to
its top. Note the Z travel length. Find the maximum dial gauge reading by small movements
along the X-axis for a) and along Y-axis for b) and note the new reading.

Step 5) Turn the table by 180°, and repeat steps 3) and 4).

Step 6) For both measurements a) and b), the average value (half the algebraic sum) of the two dial
gauge readings on top of the cylinder, divided by the measurement distance / in the

direction, is the error to be reported.
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In both planes the arrow between the C’-axis and the Z-axis shows the positive direction of the error.

As an alternative, a test test sphere shall be mounted on the spindle head of the machine and the dial
gauge shall be mounted on the table.

The test sphere shall be centred with respect to the C-axis average line by moving X and Y-axes, while
rotating the C’-axis.

The Z-axis shall then be moved to another location.
The dial gauge is re-positioned to read against the test sphere at this new location.

The error in the centre position shall be recorded as half the difference of the readings of the dial
gayge at opposite points on the sphere, divided by the measurement distance / in the Z diregtion.

This alternative method can be used when it is possible to touch a complete horizontal circymference
of {he sphere.
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Object G9.6

Checking of squareness of the C’-axis (table rotation) to the Y-axis motion, in all the possible angular
positions of the B’-axis (cradle tilting) among those listed hereunder and shown in the diagram:

a) with the table in the vertical position at B’ = -90° E¢gyyc’, g = 90
b)  with the table in the horizontal position at B’ = 0° E gyyc', 5’ = 00

c) with the table in the vertical position at B’ = +90° E¢gy)c' g’ = 490

Diagram
a) b) <)
Y Z Y
o o

X' X Y Y X X
c a c

Y' C' Z' Yv

B

B’ =-90°
Key

[ measurement distance

Tolerance
For a), b) apd ¢): 0,040/1 000~(= 0,020/500, or 40 urad or 8”)

Measured error

a) b) c)

Measuring instruments

Gauge blodk arddial gauge.
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Observations and references to I1SO 230-1:2012, 10.3 and 10.3.3

The test shall be carried out in the angular positions a), b) and c), if possible, of the B’-axis.
For a) and c) X-axis to be locked, if possible.

For b) Z-axis to be locked, if possible.

Place a gauge block on one edge of the table, in the Y-direction apart from the C’-axis of rotation; fix the
dial gauge on the spindle, if it can be locked, or on the spindle head; bring the stylus into contact with
the gauge block and zero the dial gauge.

Rotate the C’-axis (table rotation) by 180° and move the Y-axis until the stylus again touches the gauge
blo¢k in the same point.

Thq dial gauge reading, divided by the measurement distance [ in the Y-direction, is théerror to be
repprted.

Tesks a) and c) can be influenced by the Eyy horizontal straightness error of the Y=axis, and tpst b) by
the|E,y vertical straightness error of the Y-axis.

Thd value of angle a, being less than, equal to or greater than 90°, shall be noted.

In g1l possible angular positions of the B’-axis the measured error is positive when a > 90° apd is
negative when a < 90°.

As an alternative, this squareness can be evaluated by test BK 2(b) from ISO 10791-6:2014.
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Object G9.7

Checking of Eox) ¢, p’ - o Squareness of the C-axis (table rotation), with the table in the horizontal
position (B’ = 0°), to the X-axis motion.

Diagram
Z
A
el ey
a >\
\)
7 C
L
Key
I measurement distance

Toleranc

0,040/1 010 (=0,020/500, or 40 prad or 8”)
Measured error

Measuring instruments

Gauge blo¢k and dial gauge.
Observatjons and references'to I1SO 230-1:2012, 10.3 and 10.3.3

Z-axis locKed, if possible.

Place a gayige block on©né edge of the table, in the X-direction apart from the C-axis of rotation; fix
the dial gquge on the spindle, if it can be locked, or on the spindle head; bring the stylus into contact
with the ghuge block’and zero the dial gauge.

Rotate the C’-axis (table rotation) by 180° and move the X-axis until the stylus again touches the
gauge blodk-in the same point.

The dial gauge reading, divided by the measurement distance / in the X-direction, is the error to be
reported.

The value of angle a, being less than, equal to or greater than 90°, shall be noted.

The measured error Egox)¢, g’ - ¢ iS positive when a > 90° and is negative when a < 90°.
The result of this test includes the possible Egg: positioning error of the B-axis at 0°.
This test can be influenced by the E,y vertical straightness error of the X-axis.

As an alternative, this squareness can be evaluated by test BK 2 b) from ISO 10791-6:2014.
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Object G9.8

Checking of parallelism of the C’-axis (table rotation) to the X-axis motion, in the possible vertical
positions of the table (depending on the machine configuration):

a) with the table in the vertical position at b) with the table in the vertical position at
B’ =-90° B’ =+90°
1) in the vertical ZX plane  Epgox)c, ' = -9, 1) in the vertical ZX plane  Ep(ox)c’, B’ = +90,
2) in the horizontal XY plane Ecox)c’ g’ = —90, 2) in the horizontal XY plane E¢ox)c’ g’ = +90
Diagram
aB—==96°
1) ZX plane 2) XY plane
Z

X X X g A X
¢ - C Y
YA Y’
- >
ol =
l
b)B* = +90°

1) ZX plane 2) XY plane
7 Y

X X X - X
] ' o
A - > Y
|—-—E- (o
X ]l%
]

Key

[ measurement distance

Tolerance

For a) and b): 0,050/1 000 (= 0,025/500, or 50 prad or 10”)
Measured error

al) bl)

a2) b2)
Measuring instruments

Cylindrical square with flange base and dial gauge or optical instruments.
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Observations and references to I1SO 230-1:2012, 3.6.3, 10.1.4, 10.1.4.3

Foral) and bl) Z-axis to be locked, if possible. The result of tests al) and b1) include the possible
Egp positioning error of the B’-axis at - 90° or +90°.

For a2) and b2) Y-axis to be locked, if possible.
The following steps shall be followed.

Step 1) Fix a cylindrical square with a flange base on the table and centre it approximately on the
C’-axis of rotation.

Step 2) Fix the dial gauge on the spindle, if it can be locked, or on the spindle head, with the stylus

oriented in the Z-axis direction for ;11) and h1) and Y-axis direction for n?) and h?)

Step 3) Tpuch the cylindrical square by the stylus, close to the cylinder bottom, and find the
naximum dial gauge reading by small movements along the Y-axis for for al) and b1).and
aJong Z-axis for a2) and b2). Zero the dial gauge.

Step4) Move the head apart from the table along the X-axis, and touch again the cylinder close to jts
tpp. Note the X-axis travel length. Find the maximum dial gauge reading by-$mall movements
aJong the Y-axis for for al) and b1) and along the Z-axis for a2) and b2), and note the new dial

ghuge reading.

Step 5) Turn the table by 180°, and repeat steps 3) and 4).

For all mepsurements, the average value (half the algebraic sum) of the twg*dial gauge readings on

top of the fylinder, divided by the measurement distance I in the X diréction, is the error to be

reported.

For all angular positions of the B’-axis, the arrow between the C’-axis and the X-axis shows the
positive direction of the error.
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Object G9.9

Checking of squareness of the C’-axis (table rotation) to the Z-axis motion in the possible vertical
positions of the table (depending on the machine configuration):

a) B'=-90°(Egz)c,p =-90)

b) B’'=+90° (Eg(oz)c'p = +90)-
Diagram

a) h)

7 7

B’ =-90° B’ =+90°
Key

[ mpasurement distance

Tolerance

Forf a) and b): 0,040/1 000 (= 0,020/500, or 40 urad or 8”)
Measured error

a) b)
Measuring instriiments

Gayge blockand dial gauge.
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Observations and references to I1SO 230-1:2012, 10.3 and 10.3.3
X-axis locked, if possible.

Place a gauge block on one edge of the table, in the Z direction apart from the axis of rotation C’; fix
the dial gauge on the spindle, if it can be locked, or on the spindle head; bring the stylus into contact
with the gauge block and zero the dial gauge.

Rotate the C’-axis (table rotation) by 180° and move the Z-axis until the stylus again touches the
gauge block in the same point.

The dial gauge reading, divided by the measurement distance [/ in the Z-direction, is the error to be
reported.

The value pf angle «, being less than, equal to or greater than 90°, shall be noted.

In both angular positions of the B™-axis, the measured error E g 7,¢ is positive when a > 99° and is
negative when a < 90°.

The resulfjof this test includes the possible Egg: positioning error of the B-axis at -90¢ er +90°.

This test dan be influenced by the straightness error of the Z-axis in the ZX-plane, Ey.
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Object

Checking of intersection of the C’-axis (table rotation) with the B’-axis (cradle tilting) for table
surfaces lower than the B-axis, Ex g/, g’ = o (0nly for machines with nominally zero offset between
B’ and C’-axis and without compensation facilities for any offset error).

G9.10

Diagram

2) B’ =0°

2)B’=0°

4) B’ =-90°

4) B’ = +90°

7) B’ =0°to -90°

%)
O

1]

X
<
.

7) B’ =0°to +90°

NOTE The sketch shows steps 2), 4) and 7) of the test procedure specified in the observations.

Tolerance
0,030

Measured error

Measuring instruments

Test sphere and dial gauge.
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Step 1)
Step 2)
Step 3)

Step 4)

Step 5)
Step 6)

Step 7)

Observations and references to I1SO 230-1:2012, 10.4.3

Half of the new reading on the dial gauge is the error to be reported. Note the direction of the erroi

The dial gauge arm shall be stiff enough to prevent any possible reading errors due to its opposite
and/or chgnging deflections in the different measurement positions,

Fix the sphere support in the spindle, if it can be locked, or on the spindle head. Fix the dial
gauge on the table with the stylus parallel to the table surface in radial direction.

With the table in horizontal position (B’ = 0°), align the C’-axis (table rotation) on the sphere
centre, by means of rotations around the C’-axis and adjustments along the X- and Y-axes.

Lock the X- and Y-axes, if possible.

Turn the table to the vertical position (B’ = -90°, or B’ = +90° depending on the machine
bnilguration) and again align the C-ax1s (table rotation) on the sphere centre, by means q
btations around the C-axis and adjustments along the Z-axis.

-

ock the Z-axis, if possible.

c
r
L
With the table in horizontal position (B’ = 0°), place a dial gauge, with flat tip, on,tep of the
table, with the stylus oriented in the vertical direction, touch the sphere and@ero the dial
ghuge.

T

c

urn the table to the vertical position (B’ =-90° or B’ = +90°, depending on the machine
bnfiguration) and note the dial gauge reading.

92
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Object G9.11

Checking of coaxiality of the C’-axis (table rotation) and the spindle axis (C) at a predefined position
of the X- and Y-axes, with the table in the horizontal position (B’ = 0°):

offsets
a)  Eyq()c, B =0 in the vertical YZ plane,

) Exocyc, B =0 In the vertical ZX plane,
andl parallelism
) Ejo(c)c, B =0 in the vertical YZ plane,
b)  Eg(o(c))c, B = o in the vertical ZX plane.
Diggram
a)
@
<l= (©) (©)
|
; : :
] |
7\ i —
=+
Key
[ measurement distance
Tolerance
Offiset in botH planes a) and b): 0,015
Pafallelism in both planes a)and  0,040/1 000 (= 0,020/500, or 40 prad or 8”)
b):

Measured error

Offset

a) b)
Parallelism

a) b)

Measuring instruments

Cylindrical square with flange base and dial gauge.
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Step 2)
a

Step3) F

Step 4)

- =

8
Step5) T
Step 6) F

In both pl3
two axes d

Step7) W

(@]

In both pl3
two axes (

The coaxid

In both pl3
and the p3
divided by

The dial g
and/or ch:

In both pl3
the error.

NOTE Ift
parallelisy
and the Z-

Observations and references to 1SO 230-1:2012, 10.2

Step 1) Adjust the B’-axis (cradle tilting) until the C’-axis (table rotation) is parallel to the Z-axis in
the ZX-plane.

Move the X-axis and the Y-axis to the theoretical position where the C-axis (table rotation)

nd the spindle axis should coincide.
ix the cylindrical square on the table, and the dial gauge in the spindle with the stylus

square to the spindle axis in radial direction.

1 € dial gauge stylus oriented In the Y-axis direction for aJ and In the X-ax1s directior
r b), touch the cylindrical square, close to the bottom, and find the maximum dial gange
bading by small movements along the X-axis for a) and along the Y-axis for b). Zero-the'di
huge.

irn both the table and the spindle by 180°.

ind the maximum dial gauge reading as in point 4).

ines a) and b) half of the new reading on the dial gauge represents the.offset between the
f rotation at the bottom of the cylindrical square.

/ithout moving the Z-axis (see NOTE), repeat the measurements‘close to the top of the
ylindrical square.

ines a) and b) half of the new reading on the dial gauge represents the offset between the
f rotation at the top of the cylindrical square.
lity error contains both offset and parallelism errors;

ines a) and b) the offset error is the one measured at the bottom of the cylindrical square
rallelism error is the difference between the two offsets at the bottom and at the top,
the measurement distance I in the Z-direction.

»

huge arm shall be stiff enough to preventany possible reading errors due to its opposite
inging deflections in the different measurement positions.

ines the arrow between the C’-axis'and the spindle axis (C) shows the positive direction ¢f

his test were carried out imdifferent positions of the Z-axis it would be affected by the
h errors between the spindle axis (C) and the Z-axis and between the C’-axis (table rotati
hxis, in both YZ and ZXplanes.

pn)
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9.3 Tests for the B’-axis tilting from -90° to +90°

Object G9.12

Checking of parallelism of the B’-axis (cradle rotation) to the Y-axis motion in the vertical YZ plane,
Ea(ovyp-
Diagram

Z z
B' A

y L oy

\

A ﬂ '_|=n=n=| |=n=n=|_' LI;I’ Z

gxoxolo:;) 1 B ' B' _______ H 2 f 1
di d

=

2

B'=-90° B’ =+90°
Key
dq,|d,, f1, f> readings I measurement distance
Tolerance

0,060/1 000 (= 0,025/500, or 50 prad or 10”)
Measured error

Measuring instruments

Strpightedge or gauge blocks, and dial\gauge.
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Observations and references to ISO 230-1

If the spindle can be locked, the dial gauge may be mounted on it. If the spindle cannot be locked, the
dial gauge shall be placed on the spindle head of the machine. The stylus of the dial gauge shall be
placed approximately in the working position of the tool.

With the same setup used for G9.4, when a reference T-slot or a tenon slot is provided, insert two
gauge blocks in the slot, at a distance I from each other. The measurement may also be made on a
straightedge laid parallel to the reference T-slot, or transverse edge locator.

When neither the reference T-slot, nor edge locators are present, a straightedge shall be aligned
approximately parallel to the Y-axis. If a straighted d, it shall be safely fixed to the table, in
order to allow the readings to be taken in both angular positions of the B’-axis.

For the m¢asurement (d, - d;), the dial gauge shall be oriented downward, and for measurement
(f, - f1) the dial gauge shall be oriented upward, in order to touch the same side of the straightedgg or
gauge blodks.

Note the rpadings and the distance I between the two readings. The algebraic sign of the readings
shall be cqrefully noted.

The error fo be reported is Epgy)p = 1/2 (Af - Ad)/1=1/2[(f; - f1) - (d - d)}/L

The algebyaic sign of the results Ad = (d, - d;) and Af = (f; - f;) is positive When the reading in poinf 2
is greater than in point 1, i.e. when the straightedge in point 2 is closerto ‘the dial gauge than in
point 1.

The arrow between the B'-axis and the Y-axis shows the positivedirection of the Ejyyg- error.

of this test, shows the opposite of the parallelism error of thereference line L (represented by the
straightedge, or T-slot) from the B’-axis, which affects the readings in G9.4.

NOTE Hjlfsum of the two readings “Af” and “Ad”, i.e. their algebraic average, out from the object
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Object G9.13
Checking of parallelism of the B’-axis (cradle rotation) to the Y-axis motion in the horizontal XY plane,
Ecioy)p-
Diagram
Bl
< > Y
i A
X' X
| ZV |
- B' Yv —
ay 780\
>/
a;
B'=-90°
Key
a,, fip, €4, €, readings I measurement distance
Tolerance
0,0p0/1 000 (= 0,025/500, or 50 pradsor 10”)
Mepsured error
a) b)
Mepsuring instruments
Straightedge or gauge blocks and dial gauge.
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