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Foreword

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

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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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 ISO 10791 (all parts) is to supply information as wide and comprehensive as possible on
tests which can be carried out for comparison, acceptance, maintenance, or any other purpose deemed
necessary by user or manufacturer/supplier. ISO 10791 specifies, with reference to the relevant parts
of ISO 230, several families of tests for machining centres with horizontal spindle, standing alone or
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grated in flexible manufacturing systems.

5 part of ISO 10791 also establishes the tolerances for the test results correspending
pose and normal accuracy machining centres.

bn their configuration, components, and movements are compatible withcthe tests descri

bssory spindle heads, forming the object of Annexes A through C in(the first edition of {
10791, are now covered by the more general ISO 17543-1, as they arexigfonly used on machin

his edition of ISO 10791-1, the test of the table flatness (formerly G15) has been deleted
sons, among which are the following:

the table surface is not normally used as a reference for.the location of the workpiece;
sometimes, the machine is supplied with some fixtures already mounted on the table;
sometimes, the machine is provided with a receiver where several pallets can be mount

for tests made during the working life of‘the machine, the surface might no longer be 3
accurate measurements, mostly on large'machines.

to general

5 part of [SO 10791 is also applicable, totally or partially, to other numerically controlled machines,
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his part of
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INTERNATIONAL STANDARD ISO 10791-1:2015(E)

Test conditions for machining centres —

Part 1:
Geometric tests for machines with horizontal spindle
(horizontal Z-axis)

1 (Scope

Thig part of ISO 10791 specifies, with reference to ISO 230-1, the geometric tests for machining|centres (or
other numerically controlled machines, where applicable) with horizontal spindle\(i.e. horizontal Z-axis).

Thip part of ISO 10791 applies to machining centres having three numerically controlled |inear axes
(X-gxis up to 5 000 mm length, Y-axis up to 3 200 mm length, and Z-axis up to 2 000 mpm length),
but|refers also to supplementary movements, such as those of rotary) tilting, and swivelling tables.
Moyements other than those mentioned are considered as special-features and the relevait tests are
notflincluded in this part of ISO 10791.

Thip part of ISO 10791 takes into consideration in Annexes\A through D four possible typsds of tables,
fixed and rotary, as hereunder described:

— |Annex A: horizontal non-rotating tables;

— |Annex B: tables rotating around a vertical B’-axis;

— |Annex C: tables rotating around a vertical B’-axis and tilting around a horizontal A-axis;
— |Annex D: tables rotating around a horizontal A-axis and swivelling around a vertical B-pxis.

Thi part of ISO 10791 does not considér accessory spindle heads, which are covered by 1ISO 14543-1:—1).

Thip part of ISO 10791 deals onily with the verification of geometric accuracy of the machirje and does
notlapply to the testing of the-machine operation, which should generally be checked separptely. Tests
notjconcerning the pure/geometric accuracy of the machine are dealt with in other parts of|ISO 10791,
as listed in the Foreword.:

2 |Normative references

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

wn

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

IS0 230-7:—1), Test code for machine tools — Part 7: Geometric accuracy of axes of rotation

[SO 841, Industrial automation systems and integration — Numerical control of machines — Coordinate
system and motion nomenclature

[SO 10791-6:2014, Test conditions for machining centres — Part 6: Accuracy of speeds and interpolations

1) To be published.

© IS0 2015 - All rights reserved 1
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3 Preliminary remarks

3.1 Measurement units

In this partof1SO 10791, all linear dimensions, deviations, and corresponding tolerances are expressed in
millimetres; angular dimensions are expressed in degrees,and angular deviations and the corresponding
tolerances are expressed in ratios as the primary method, but in some cases, microradians or arcseconds
can be used for clarification purposes. The following expression should be used for conversion of the
units of angular deviations or tolerances:

0,010/1 000 = 10 prad = 2”

3.2 Refdrence to ISO 230-1

To apply this part of ISO 10791, reference shall be made to ISO 230-1, especially)for the installation of
the machije before testing, warming up of the spindle and other moving eomponents, descriptioh of
measuringlmethods, and recommended uncertainty of testing equipment,

In the “Obgervations” block of the tests described in Clause 4 and £he annexes, the instructions|are
preceeded|by a reference to the corresponding clause in ISO 230-1 i1 cases where the test concerndd is
in compliance with the specifications of that International Standaxrd.

3.3 Refdrence to ISO 10791-6

In ISO 10791-6:2014, Annex A, B, and C, kinematic test§’are described for testing circular interpolafion
motion by simultaneous three-axis control (AK1, AK2, BK1, BK2, CK1, CK2). These are based on ufing
displacemgnt sensor(s) with a sphere-ended test nandrel or using a ball bar.

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

Kinematic fest BK2 ¢) [CK2 ¢)] in ISO #0791-6:2014 can be used as an alternative for the following tedts if
all relevant geometric error compénsation functions are identical: BG8, BG9, CG8, CG10, DGY, and DG:11.

3.4 Testing sequence

The sequeice in whichithetests are presented in this part of ISO 10791 in no way defines the practical
order of tegting. In orderto make the mounting of instruments or gauging easier, tests can be performed
in any orddr.

3.5 Teststo be performed

When testing a machine, it is not always necessary, nor possible, to carry out all the tests described
in this part of ISO 10791. When the tests are required for acceptance purposes, it is up to the user to
choose, in agreement with the manufacturer/supplier, those tests relating to the components and/or
the properties of the machine which are of interest. These tests are to be clearly stated when ordering a
machine. Mere reference to this part of ISO 10791 for the acceptance tests, without specifying the tests
to be carried out, and without agreement on the relevant expenses, cannot be considered as binding for
any contracting party.

2 © IS0 2015 - All rights reserved
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3.6 Tolerances

InthispartofISO 10791, alltolerancevalues (see[S0230-1:2012,4.1) are guidelines. When theyare 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.

When establishing the tolerance for a measuring length different from that given in this part of ISO 10791
the tolerance can be determined by means of the law of proportionality (see ISO 230-1:2012, 4.1.2). It
shall be taken into consideration that the minimum value of tolerance is 0,005 mm.

3 7 Measurinag instruments
. e SHFHEHRSHHHHREe RS

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

When a “dial gauge” is referred to, it can mean not only dial test indicators)(PTI), but any type of linear
displacement sensor such as analogue or digital dial gauges, linear variable differential tfansformer
(LVDTs), linear scale displacement gauges, or non-contact sensors, whemapplicable to the tesfconcerned
(seq ISO 230-1:2012, Clause 4).

Simjilarly, when a "straightedge” is referred to, it can mean any-type of straightness referente artefact,
such as a granite or ceramic or steel or castiron straightedge; one arm of a square, one generafing line on
a cyllinder square, any straight path on a reference cube, or:aspecial, dedicated artefact manufactured to
fitin the T-slots or other references.

In the same way, when a “square” is mentioned, it ¢an mean any type of squareness referenge artefact,
such as a granite or ceramic or steel or cast iron.square, a cylinder square, a reference cube,|or, again, a
spefial, dedicated artefact.

When “3D probe” is referred to, it means three displacement sensors, housed in a nest, used fo measure
the|changes in the position of the centre of a precision sphere; when the nest and the sphere|are moved
together along a programmed tool path.

3.8 Diagrams

For|reasons of simplicity,diagrams in this part of ISO 10791 illustrate only one type of machiine.

3.9 Pallets

Forjmachines working with several pallets, the tests concerning the intrinsic geometric featufes or their
behfaviour rélated to the axes of the machine (tests in Annexes A through D) are to be performed on only
one|representative pallet clamped in position, unless otherwise specified by an agreement between the
usel anid the manufacturer/supplier. For checking other pallets, see ISO 10791-5.

3.10 Software compensation

When built-in software facilities are available for compensating certain geometric deviations, their use
during these tests for acceptance purposes shall be based on an agreement between the user and the
manufacturer/supplier, with due consideration of the machine tool intended use. When the software
compensation is used, this shall be stated in the test report. It shall be noted that when software
compensation is used, axes shall not be locked for test purposes.

3.11 Machine configurations

Figure 1 and Table 1 show 12 possible configurations of machining centres, with different architectures
and different components moving along the linear axes. These configurations are identified by means

© IS0 2015 - All rights reserved 3


https://standardsiso.com/api/?name=98a2dd3ace62798597f994425fc9f08b

ISO 10791-1:2015(E)

of numbers from 01 to 12 for referring Figure 1 and Table 1 to each other. For the axes orientation and
nomenclature, reference should be made to ISO 841.

3.12 Designation

A designation is also supplied in Table 1 in order to define the architecture of a machining centre, being

a short code; this designation is given by

— the number of this part of ISO 10791,

— the letter H for “horizontal”, and

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

Table 1 sho
— the ki
— theax
— Wt

The sequen

3.13 Axes

During the

ws examples of designations referred to the machine configurations shown in Figurel, where

ematic chain of moving axes is described in square brackets,
s not under NC positioning is represented in brackets [e.g. (C)], and

', and “b”, respectively, represent the work holding table, the tool, andthe bed.

ce can be either from the work holding table to the tool or from the ool to the work holding tgble.

Table 1 — Designations of configurations shown in Figure 1

01

1SO 10791-1 H [w X’ Z' bYNC) t]

02

IS0 10791-1 H [w Z*bXY (C) ]

03

IS0 10791-1 H [w¥ Z' Y’ b (C) ]

04

1S0 10791-1-Hfw Z’ X' b Y (C) 1]

05

1SO 10794:1 H[wb ZX Y (C) t]

06

1S040791-1 H[wX' Y’'b Z (C) ]

07

199/10791-1 H[wX' b Z Y (C) ]

08

1S010791-1 H[wbX Z Y (C) t]

09

IS0 10791- 1 H[wY X' b Z (C) ]

10

IS0 10791- 1 H[wX'bYZ (C) ]

11

IS0 10791-1 H[wb X Y Z (C) t]

12

1S010791-1 H[wY' b X Z (C) ]

s not under test

exeeution of some geometric tests on one axis of motion, the position of the other axes|not

under test

can affect the results. Therefore, the positions of these axes, as well as the offsets on the kool

side and on the workpiece side, are to be recorded in the test report.

© ISO 2015 - All rights reserved
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Figure 1 — Possible configurations of linear axes
(Rotary and swivelling axes of the table are shown in Annexes B through D)

ed
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4 Geometric tests

4.1 Straightness errors of linear motions

Object G1
Checking of straightness of the X-axis motion:
a) in the vertical XY plane (Eyx)
b) in the horizontal ZX plane (Ezx)
Diagram
a) b)
Y Z
X X' L X X'
Y /A
OO0 000000
I
[ T A
-] [
Tolerance
X < 500 a)andb) 0,010
500 < X < 800 a)andb) 0,015
800 < X < 1250.a)andb) 0,020
1250 < X <.2000 a)andb) 0,025
2000 < X (<3200 a) 0,050 b) 0,032
3200 <. X "< 5000 a) 0,065 b) 0,040
Local telerance 0,007 for a measuring length of 300
Measured deviation
ForX=....[|...
a) b)
Maximum lpcal deviation:
a) b)
Measuring instruments
a) straightledge and dial gauge or optical methods

b) straightedge and dial gauge or microscope and taut wire or optical methods

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 can 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 height of the reference
straight line above the table shall 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.

© ISO 2015 - All rights reserved
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Object G2

Checking of straightness of the Z-axis motion:

a) inthe vertical YZ plane (Ey7)
b) inthe horizontal ZX plane (Exz)

Diagram
a) b)

<

00000000

=y

Tolerance
Z < 500.a)anhd b) 0,010
500<Z < 800 a)andb) 0,015
800< Z <.1250 a)andb) 0,020
1250 < Z%xs 2000 a)andb) 0,025

Lodal tolerance 0,007 for a measuring length of 300

Measured deviation

For|Z = ............

a) b)
Makimum local deviation:

a) b)

Mehsuring instruments
a) ptraightedge’and dial gauge or optical methods

b) Istraightedge and dial gauge or microscope and taut wire or optical methods

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

Forlalamach onfigurations; aightedge-or-the-tautwire o g or-shall-be
placed on the table. If the spindle can be locked, the dial gauge or the microscope or the interferometer can
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 height of the reference
straight line above the table shall 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.

© IS0 2015 - All rights reserved 7
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Object

G3

Checking of straightness of the Y-axis motion:
a) in the XY plane (Exy)
b) in the YZ plane (Ezy)

Diagram

a)

<

b)

T ‘

machine.

/ Yl \ YI
* |
I
=T |
| I
Tolerance
For a) and by) Y < 500 0,010
500 < Y < 800 0,015
800 < Y <1250 0,020
1250 < Y < 2000 0,025
2000 < Y, £3200 0,032
Local tolergnce 0,007 for a measuring length of 300
Measured deviation
ForY=....[...
a) b)
Maximum lpcal deviation:
a) b)
Measuring instruments
For a) and iJ): square-and dial gauge or microscope and taut wire or optical methods
Observatigns andreferences to ISO 230-1:2012, 8.2 and 8.2.2

For all machine conflguratlons the square or the taut wire or the stralghtness reflector shall be placed in th

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

D

be mounted on 1t if the splndle Cannot be locked the lnstrument shall be placed on the splndle head of the

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.

© ISO 2015 - All rights reserved
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4.2 Angular errors of linear motions

Object G4
Checking of angular errors of the X-axis motion:

a) in the vertical XY plane perpendicular to the spindle axis (pitch Ecx)

b) in the horizontal ZX plane (yaw Epx)

c) in the vertical YZ plane parallel to the spindle axis (roll Eax)

Diagram

a) b) )

Y Z Y
XA—1——X' x<_I_>X' Z<—I—>Z'
Y' VA Y
: T
—E=—1

— — = T

| e |

Tolerance

Forla), b), and c) X 2000 0,060/1000%r12*“
2000 < X <3200 0,065/10000r13°“
3200 < X <5000 0,070/1000o0r 14 “
Lodal tolerance: 0,016/1 000 (or 16 prad or 3,2 “) for a mieasuring length of 300

IN

Measured deviation

Xzl

a) b) 0
Makimum local deviation:

a) b) 9]

Mefsuring instruments

a) (pitch Ecx) precision levelor optical angular deviation measuring instruments
b) ([raw EBx) optical angular deviation measuring instruments

) (roll Eax) precision level

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

Thg instrument'shall be placed on the movable component:
a) (pitch Ecx)” longitudinally
b) (yaw Egx)  horizontally

c) (roltEax) Transversety

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.

When X-axis motion causes an angular movement of both spindle head and workholding table, differential
measurements of the two angular movements shall be made and this shall be stated. In this case, when using
precision levels for measurement, the reference level shall be located on the non-moving component (spindle
head or workholding table) of the machine.

© IS0 2015 - All rights reserved 9
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Object G5

Checking of angular errors of the Z-axis motion:

a) inthe vertical YZ plane perpendicular to the spindle axis (pitch Eaz)
b) in the horizontal ZX plane (yaw Egz)

c) inthe vertical XY plane parallel to the spindle axis (roll Ecz)

Diagram
a) by 2
Y
B : A
Y' X+X'
Zl Y
[ ©

L‘—|_|— {—{z}ﬁ | ]

Tolerance
For a), b), apd c) Z.<2000 0,060/1 000 or 12
Local tolergnce: 0,016/1 000 (or 16 prad or 3,2 “) for a measuring length of 300

Measured deviation

Z= i

a) b) c)
Maximum lpcal deviation:

a) b) q)

Measuring instruments
a) (pitch Epz)  precision level orgoptical angular deviation measuring instruments
b) (yaw Ep4)  optical angular deviation measuring instruments

c) (roll Ecy) precision level

Observatigns and references to ISO 230-1:2012, 8.4 and 8.4.2
The instrumhent shall be placed on the movable component:

a) (pitch Epz) A léngitudinally

b) (yaw Ep4)_~ horizontally

c) (roll Ecz) 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.

When Z-axis motion causes an angular movement of both spindle head and workholding table, differential
measurements of the two angular movements shall be made and this shall be stated. In this case, when using
precision levels for measurement, the reference level shall be located on the non-moving component (spindle
head or workholding table) of the machine.

10 © IS0 2015 - All rights reserved
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Object G6

Checking of angular errors of the Y-axis motion:
a) inthe vertical YZ plane parallel to the spindle axis (Eay)
b) inthe vertical XY plane perpendicular to the spindle axis (Ecy)

c) inthe horizontal ZX plane (roll Egy)

Diagram
a) b) 9
— 3
/<> 7' X<+—7F>X' Z
Ty Ty X
——— @ 7'
[

[ — | — Bl

= H I — | i ||

4
Toldrance
For §), b), and ¢) Y < 500 0,040/1°0000r8*“
500 < Y < 1250 ©;050/10000r10“
1250 < Y < 3200,0,060/10000r12"

Locdl tolerance: 0,016/1 000 (orA6'urad or 3,2 “) for a measuring length of 300
Measured deviation
Y= )
a) b) )
Maxlimum local deviation:
a) b) 9
Measuring instruments
a) anpd b): Precisionldevelor optical angular deviation measuring instruments
c) (rpll EBy): Cylindrical square, precision level and dial gauge, or precision cube and dial gauges, or sweeping alignment laser
Obsprvations and references to ISO 230-1:2012, 8.4 and 8.4.2
Meapurements shallbg.taken at least at five positions equally spaced along the travel, in both directions of movement at evqry position.
Thedifference bet#Ween the maximum and the minimum reading is the error to be reported.
For §) (Eay) and b)/(Ecy), when Y-axis motion causes an angular movement of both spindle head and workholding table, diff¢rential meas-
urerpents of the two angular movements shall be made and this shall be stated. In this case, when using precision levels for measure-
menf, thereference level shall be located on the non-moving component (spindle head or workholding table) of the machine|
For ¢) (roll Egy), when a sweeping alignment laser is not used, place a cylindrical square (or a precision cube) on the table, approximately
parallel'To the Y-axis, and Set the Stylus of a dial gauge mounted on a special arm against the square. Note the readings and mark the

corresponding heights on the square. Move the X-axis and move the dial gauge to the other side of the spindle head so that the stylus can
touch the square again along the same line. The possible roll deviation of the X-axis motion shall be measured and taken into account (if
a precision cube is used, no X-axis motion is required). The dial gauge shall be zeroed again and the new measurements shall be taken
at the same heights of the previous ones, then noted. For each measurement height, calculate the difference A of the two readings. The
algebraic maximum and minimum of these differences shall be selected and the result of

A max— Amin

d

is the error to be reported, “d” being the distance between the two positions of the dial gauge.

If a sweeping alignment laser is used, the sweeping plane is to be aligned approximately parallel to the machine XY plane. The measure-
ment procedure is the same as above, where the dial gauge is to be replaced by the laser target and no X-axis motion is required.

© IS0 2015 - All rights reserved 11
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4.3 Squareness errors between linear motions

Object G7
Checking of Ec(ox)y squareness error of the Y-axis motion to the X-axis motion.
Diagram
Step 1) Step 2)
A Y A Y
X=—"t—+X X2+ X
\ YI | Y'
b= I
i — =
Tolerance
Y <2000 0,040/1 000 or 87
2000<Y<3200 0,050/1 000 0or10 “
Measured deviation
Y=,
Measuring instruments
Straightedge or surface plate, square, and dial gauge

Instep 1),
be consider

In step 2),
plate.

shall be pla

The value o

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

If the spindle can be locked,the dial gauge can be mounted on it; if the spindle cannot be locked, the dial gau

he straightedge or the surface platé shall be set parallel to the X-axis, or the lack of parallelism sh
ed in the measurement.

he Y-axis shall then be checked by means of a square standing on the straightedge or on the surfz

ced on the spindle head of the machine.

f angle’a, being less than, equal to or greater than 90°, shall be noted.

all

T

=]
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Object G8
Checking of Ex(oz)y squareness error of the Y-axis motion to the Z-axis motion
Diagram
Step 1) Step 2)
) Y ) Y
yAD S 7't
11 'y L Ay

$ I
10 _0O O O O () ()__I

F—p it T—F

|

Tolerance
Y <2000 0,040/1 000 o608 “
2000<Y<3200 0,050/1000 or 10 “

Measured deviation
Y=l

Measuring instruments

Straightedge or surface plate, square, and dial'gauge

Observations and references to I1SO 230-1:2012, 10.3 and 10.3.2

In gtep 1), the straightedge or the surface plate shall be set parallel to the Z-axis, or the lack of parallelism shall
be ¢onsidered in the measurement.

In gtep 2), the Y-axis shallthen be checked by means of a square standing on the straightedge or on the surface
plate.

If the spindle‘can be locked, the dial gauge can be mounted on it; if the spindle cannot be locked, the fial gauge
sha]l be placed on the spindle head of the machine.

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

© IS0 2015 - All rights reserved 13
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Object G9
Checking of Eg(ox)z or EB(0z)x squareness error of the Z-axis motion to the X-axis motion
Diagram
Step 1) Step 2)
$ 2 4 2
X <—F—X X «—*—X
i V} Zl i V} Zl
| 1
=i oD
I()I() 9 0O O (J()I 12 O () € ) (J()I
L — |
Tolerance
0,040/1 000
Measured deviation
Measuring instruments
Straightedge, square, and dial gauge
Observatigns and references to ISO 230-1:2012, 103)and 10.3.2
In step 1), the straightedge shall be set parallel to theX-axis for Eg(ox)z or parallel to the Z-axis for Eg(0z)x, of
the lack of parallelism shall be considered in the'measurement.

In step 2), t
the straigh

This test can be performed asiwell without the straightedge, aligning one arm of the square along one axis ahd
e second axis ofi the other arm of the square.

checking th

If the spind]le can belocked, the dial gauge can be mounted on it; if the spindle cannot be locked, the dial gauge
ced ofithe spindle head of the machine.

shall be pla|

he Z (or X)-axis shall then bechecked by means of a square placed on the table with one side agaipnst
edge.

1)

The height above the table shall be stated in the test report.

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

14
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4.4 Spindle
Object G10
Checking of axial error motion of the spindle.
Diagram
A
.
Tolerance

0,005

Measured deviation

Mersuring instruments

Dia] gauge with flat ended stylus tip

Seelalso test ER1 in AnnexE.

Observations and references to 1SO 230<1:2012, 9.1 (see also IS0 230-7)

© ISO 2015 - All rights reserved
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Object

G11

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

a) as close as possible to the spindle nose

b) at a distance of 250 mm from the first measuring position in a)

Diagram
LY

L'—1
/ YI
b a
l |
| [ ] |

Tolerance

a) 0,010

b) 0,015

Measured deviation

a) b)

Measuring instruments

Test mandrjel and dial gauge

In order to

Observatigns and references to I1SQ 230-1:2012, 12.5.3 (see also ISO 230-7)

See also teqt ER1 in Annex E.

The test re]fort shall state whether the rotation is achieved by spindle motor or manually.

nake theaedding easier, the spindle should rotate slowly at a speed not exceeding 100 min-1 (rpmn).

16
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Object G12
Checking of parallelism error of the spindle axis to the Z-axis motion:
a) Ea(0z)(c) in the vertical YZ plane
b) EB(0z)(c) in the horizontal ZX plane
Diagram
a) b)
Y- £
L'—71 X = X'
V} Yl \j Zv

===

Tolerance
for a) and b)
0,050/1 000 (0,015/300)
(or 0,050 prad or 10”)

Measured deviation

a) b)

Measuring instruments

Tesk mandrel and dial gauge

Observations and referencesto I1SO 230-1:2012, 3.6.2, 10.1.4, and 10.1.4.3

Z-akis in centre of the travel.

Thd signs ofithe parallelism errors in both planes shall be reported.
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Object G13
Checking of Eg(ox)(c) squareness error of the spindle axis to the X-axis motion.
Diagram
Alternative
S
o ]
X<~ =X
|
[
|
|
| |
I | '
T
=
0O 0O 0O O
~——
Tolerance

0,050/1 000 (0,015/300)
(or 0,050 pradior 10”)

Measured deviation

Measuring instruments

Straightedge, special arm, and dial gauge

Observatigns and references to ISO 230-1:2012, 10.3 and 10.3.3
Z-axis to bq locked, if pgssible (see 3.9).

The straightedge shall’be set parallel to the X-axis, or the lack of parallelism shall be considered in the meas
urement.

This test can‘also be performed without the straightedge, by mounting the dial gauge on the table and touchfing
with the stylusa point on a special arm fixed on the spindle, thus making the reading easier. The spindle axis
shall be rotated 180° and the X-axis shall be moved in order to make the stylus touch the special arm in the
same point. In this case, the measurement is influenced by the Ezx horizontal straightness error of the X-axis.

The squareness error obtained with this test can be cross checked with the results of tests G9 and G12 b).

The value of angle a, being less than, equal to or greater than 90°, shall be reported.
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Object G14
Checking of Ea(oy)(c) squareness error of the spindle axis to the Y-axis motion.
Diagram
Alternative
Y
S
VY,

' I —

Tolerance

0,050/1 000 (0,015/300)
(or 0,050 prad er 10”)

Measured deviation

Mehsuring instruments

Squ

are, special arm, and dial gauge

Ob:

Z-a

Thd
sidg
duse

Thi
wit]
gaul
ind

ervations and references to ISO 230<1:2012, 10.3 and 10.3.3

Kis to be locked, if possible (see 3.9).

measurement side of the square should be set parallel to the Y-axis, or the lack of parallelism sh

to its opposite deflections in the two measurement positions.

5 test canvalso be performed without the square by placing the dial gauge support on the table an
h the stylus'a point on a special arm fixed on the spindle, thus, avoiding any possible deflection o
ge arnand making the reading easier. The spindle axis shall be rotated 180° and the Y-axis shall
rder'to make the stylus touch the special arm in the same point. In this, case the measurement is

red in the measurement. The special arm shall be stiff enough so as to prevent any possible readjing errors

11 be con-

d touching
Fthe dial
be moved
influenced

by

hefoy cfrnighfnnqc error of the Y-axig

The squareness error obtained with this test can be cross checked with the results of tests G8 and G12 a).

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

©IS
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Annex A
(normative)

Horizontal non-rotating tables

Figure A.1 hereunder shows a typical example of a machining centre with horizontal spindle and a

horizontal

Key

1 table

2  table sg

3  spindle

4 column

5 bed (b)

6  spindle
Fig

20

non-rotatinag tahla
5

ddle (Z’-axis)
head (Y-axis )
(X-axis)

[(C)]

ure A} — Typical example of horizontal machining centre with a non-rotating
Table Machining centre ISO 10791-1H[wZ’ b X Y (C) t] (see 3.12)
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Object

AG1

Checking of E ¢(ox)T parallelism error of the tablel) surface to the X-axis motion

1) Built-in table or one representative non-rotary pallet clamped in position

Diagram

Y

oo o o000

Tolerance
L< 500 0,020
500<L< 800 0,025
800<L<1250 0,030
1250<L <2000 0,040
2000<L<3200 0,060
Whiere L is the table length in the X direction

Measured deviation
For|L = ...........

Mehsuring instruments

Straightedge, equal height spacer blocks, and dial gauge

Observations and references to ISO 230-1:2012,12.3.2.5

Thd stylus of the dial.gauge is to be placed approximately at the working position of the tool. The me|
ment can be madeon/a straightedge laid parallel to the table surface. If the table is ground and new,
re-¢onditionedsthe dial gauge stylus can directly touch the table surface.

If the spindle’ean be locked, the dial gauge can be mounted on it. If the spindle cannot be locked, the
shalll be placed on the spindle head of the machine.

For]this test, the difference between the maximum and the minimum reading of the dial gauge is the]

hsure-
pr freshly

dial gauge

error to be

repor ted:

© ISO 2015 - All rights reserved
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Object

AG2

Checking of Ex(oz)T parallelism error of the tablel) surface to the Z-axis motion.

1) Built-in table or one representative non-rotary pallet clamped in position.

Diagram
' Y
L'——7
| | \J YI
OO0 0O 0O 0O 0O O
o —
— ——
Tolerance
W< 500 0,020
5p0 <W < 800 0,025
8p0 <W <1250 0,030
1250<W <2000 0,040
Where W id the table width in the Z direction
Measured deviation
ForW=..]....
Measuring instruments
Straightedge, equal height spacer blocks, and dial gauge

Observati

can be ma

For this tes
reported.

Y-axis to bglocked, if possible.

ditioned, the dial gauge stylus.can directly touch the table surface.

If the spind]le can be locked;the dial gauge can be mounted on it. If the spindle cannot be locked, the dial gauge
shall be plaked on the-spindle head of the machine.

ns and references to 1SO 230-1:2012, 10.3, 10,3.3,and 12.3.2.5

The stylus ¢f the dial gauge is to,be_placed approximately at the working position of the tool. The measurement

on a straightedge laid parallel to the table surface. If the table is ground and new or freshly re-don-

t, the difference between the maximum and the minimum reading of the dial gauge is the error t¢ be

22
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Obj

ect

AG3

Checking of squareness error of the tablel) surface to the Y-axis motion:

a)
b)
B

Ec(oy)r in the vertical XY plane perpendicular to the spindle axis
Ea(oy)r in the vertical YZ plane parallel to the spindle axis

uilt-in table or one representative non-rotary pallet clamped in position.

Diagram

a)

C——— e e

Tolerance

for a)and b)
0,050/1 000 (= 0,015/300)

Measured deviation

a)

b)

Measuring instruments

Sur]

face plate, square or cylindrical square, and dial gauge

Ob:
a)
b)
The

on it. If a surface plate is not used, the squareness error can be heavily affected by any small imperfé

tab
onl

ervations and references te IS0 230-1:2012, 12.4.5
X-axis to be locked, if\possible.
Z-axis to be locked;if possible.

surface plate shall’be located on the centre of the table and a square or cylindrical square shall i

e surface undeér the narrow base of a square or cylindrical square. In this case, this testis to be ¢
h on groundyand new or freshly re-conditioned tables.

If th
shal

le spindle can be locked, the dial gauge can be mounted on it. If the spindle cannot be locked, the
1 béplaced on the spindle head of the machine.

e placed
ction of the
hrried out

dial gauge

for a), tests G7 and AG1;
for b), tests G8 and AG2.

Hg tests:

© ISO 2015 - All rights reserved
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Object AG4
Checking of Eg(ox)T parallelism error of:
a) the longitudinal median or reference T-slot, or
b) the centre line of the alignment holes (if longitudinal), or
) the longitudinal edge locator
of the tablel) to the X-axis motion.
1) Built-in tpble-or-onetrepresentativepronrotarypaletclamped-inposition:
Diagram
a) b) )
Z Z Z
X X' X X' X X
i Z J_ Z a
[ 1 1
[ ]
l |
'”I” — (: == (o2 nln O (I) (_(: <_—_>
= —~ —
Tolerance
for a), b), and c)
0,025 over a measuring length of 500

Measured deviation
Measuring instruments
Gauge blocks or master pins and dial gauge.
Observatigns and references to 1S0-230-1:2012,12.3.2.5
Z-axis to b locked, if possible.
If the spindlle can be locked, the\dial gauge can be mounted on it. If the spindle cannot be locked, the dial gauge
shall be placed on the spindle head of the machine.
When a refgrence T-slot.0f a tenon slot is provided, insert two gauge blocks in the slot, at the same distance
from the centre of thetable. Zero the dial gauge against one of the gauge blocks. The dial gauge reading on the
second gaupe block;-divided by the distance between the gauge blocks, is the error to be reported. Note the
direction of the-evror.
When the allighment holes exist, two master pins which fit in the holes and have protruding parts of the samje

diameter shall be used.

24
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Object AG5

Checking of Eg(oz)T parallelism error of

a) the centre line of the alignment holes (if transverse), or
b) the transverse edge locator

of the tablel) to the Z-axis motion.

1) Built-in table or one representative non-rotary pallet clamped in position.

Diagrai

a) b)

|
)

(@M

) O (€

/
LO

Tolerance
for a) and b)
0,025 over a measuring length of 500

Mepsured deviation

Melasuring instruments

Gayge blocks or master pins and dial gauge

Observations and refeceinces to ISO 230-1:2012,12.3.2.5
X-akis to be locked, if possible.

If the spindle canvbe locked, the dial gauge can be mounted on it. If the spindle cannot be locked, the Hial gauge
sha]l be placed\gn the spindle head of the machine.

Whien a reference T-slot or a cross tenon slot is provided, insert two gauge blocks in the slot, at the sgme dis-
tanfe from the centre of the table. Zero the dial gauge against one of the gauge blocks. The dial gaug¢ reading
on thie'second gauge block, divided by the distance between the gauge blocks, is the error to be repofted. Note
thediTectiomof theerror:

When the alignment holes exist, two master pins which fit in the holes and have protruding parts of the same
diameter shall be used.
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Annex B
(normative)

Tables rotating around a vertical B’ axis

Figure B.1 hereunder shows a typical example of a machining centre with horizontal spindle and a
i ahla rotating aronnd o vartical B agic
horizontal fableretatinga+ da-vertical-B-axis:

oot

Key

1 table

2 table sgddle (Z’-axis)
3 spindlefhead (Y-axis )
4 column| (X-axis)

5 bed(b)

6  spindle{[(C)]

Figure B.1 — Typical example of horizontal machining centre with a non-rotating
Table Machining centre ISO 10791-1H[w B’ Z’ b X Y (C) t] (see 3.12)
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Object | BG1
Checking of:
a) run-out of the centre hole of the tablel) (when the centre hole is used for locating purposes);
b) face error motion of the tablel) surface?2).
1) Built-in rotary table or one representative pallet clamped in position
2) For indexing tables, check at least four positions at 90° from each other
Diagran
a) b)
W
| g)
|
./"T'\
| P
| Y Y h
| N4
|
Tolerance
a) 0,025
b) L< 500 0,030
500<L< 800 0,040
800 <L <1250 0,050
1250<L <2000 0,060
where L is the length of.theé shorter side of the table or pallet.
Mefsured deviation
For|L =
a) b)
Mehsuringinstruments
a) dial gauge b) gauge blocks and dial gauge

Observations and references to IS0 230-1:2012, 12.5.2 and 12.5.2.3

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

(e.g. 8 points at 45° steps).

See also test ER2 in Annex E, especially if the rotary table is foreseen for turning operations.

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

b) The radius R shall be as large as possible. Test b) can also be carried out without continuous contact
between stylus and table surface, by using an intermediate gauge block and measuring in discrete positions

© ISO 2015 - All rights reserved
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Object | BG2
Checking of:
a) intersection of the centre line of the longitudinal median T-slot, or of the cross tenon slot (when exist-

ing) or the line between the alignment holes, with the B’-axis of rotation of the table.
b) equidistance of the alignment holes with the B’-axis of rotation of the tablel).

1) Built-in rotary table or one representative pallet clamped in position.

Diagram

a)

N\

b)

O

£
®

Tolerance

For a) and h) 0,030

a)

Measured deviation

b)

b) m

Measuring instruments
a) gaa\Lge blocks or master pins and dial gauge

ter pins and dial gauge

Observati(lns and references to 1SO 230-1

a) WHhen a reference T-slot or a tenon-slot is provided, insert two gauge blocks in the slot, at the same
distance fr¢m the axis of rotation. Adjustthe B’-axis in order to have the T-slot parallel to the X-axis (or Z-ax|s).
Parallel mepns that the two readings'en the gauge blocks are the same. The dial gauge, placed on a fixed parf of
the spindlefhead, is then zeroed,Turh the table by 180° and again adjust the B’-axis in order to have the samg
readings or) both gauge blocks,\without resetting the dial gauge. Half of the new reading on the dial gauge is the
error to be freported.

When the allignment holés’are provided, two master pins which fit in the holes and have protruding parts of|the
same diam¢ter shall be tised 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 pot
precisely cgrre§pond to readings at 180° from each other, because of the deviation read in a).

28
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Object BG3

Checking of Eg(ox)T parallelism error of:

a) the longitudinal median or reference T-slot, or

b) the centre line of the alignment holes (if longitudinal), or
) the longitudinal edge locator

of the tablel), with B’ = 0°, to the X-axis motion.

1) Built-in rotary table or one representative pallet clamped in position.

Diapram
a) b) <)
r4 V4 z
| o o
z z z
L L

i

L ?

T T =T

N~

R ol I N

Tolerance

for a), b), and c)
0,025 over a measuring length of 500

Measured deviation

Megsuring instruments

a) ghuge block and dial gauge

b) njaster pins and diahgauge

c) d]al gauge

Obdervations.and references to ISO 230-1:2012,12.3.2.5

Z-aXis to belocked, if possible.

If tHespindle can be locked, the dial gauge can be mounted on it. If the spindle cannot be locked, the dial gaugelshall be
pla ed6nthe cpinr‘”n head ofthe machine

When a reference T-slot or a tenon slot is provided, insert two gauge blocks in the slot, at the same distance from the
B’-axis of rotation. Zero the dial gauge against one of the gauge blocks. The dial gauge reading on the second gauge block,
divided by the distance between the gauge blocks, is the error to be reported. Note the direction of the error.

When the alignment holes exist, two master pins which fit in the holes and have protruding parts of the same diameter
shall be used.

NOTE  The result of this tests includes the possible Egp positioning deviation of the B’-axis at 0°.
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Object

BG4

b) the transverse edge locator

Checking of Eg(oz)T parallelism error of

a) the centre line of the alignment holes (if transverse), or

of the tablel) with B’ = 0° to the Z-axis motion.

1) Built-in rotary table or one representative pallet clamped in position.

b) dial gaug

[¢)

Diagram
a) b)

Z z

z z

St ¥
| ]
o ] [
o]
Tolerance
for a) and b)
0,025 -over a measuring length of 500

Measured deviation
Measuring instruments
a) master pjns and dial gauge

X-axis to b

lockedsif possible.

Observatigns and references to ISO 230-1:2012,12.3.2.5

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

)
a

=]

shall be platedomrttrespimdte-headof themmachitre:

When a reference T-slot or a cross tenon slot is provided, insert two gauge blocks in the slot, at the same dis-
tance from the centre of the table. Zero the dial gauge against one of the gauge blocks. The dial gauge reading
on the second gauge block, divided by the distance between the gauge blocks, is the error to be reported. Note
the direction of the error.

When the alignment holes exist, two master pins which fit in the holes and have protruding parts of the same
diameter shall be used.

NOTE The result of this tests includes the possible Egg positioning deviation of the B*-axis at 0°.
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Object

BG5

Checking of E ¢(ox)B squareness error of the B’ axis of rotation of the tablel), or receiver, to the X-axis motion

1) Built-in rotary table or any pallet clamped in position

Diagram
L \ B
X< X'
'R
LT
Y
|
L o o b
Tolerance

0,030/1.000 (= 0,015/500)

Mepsured deviation

Mellsuring instruments

Gay

ge block and dial gauge

Obs
Y-a

Pla
on {
zer
int

Notle the direction of the error. The sign convention of the error shall correspond to the squareness s

bet
Thil
The

ervations and references to 1IS0.230-1
kis to be locked, if possible.

Ce a gauge block on one,edge of the table, in the X direction apart from the axis of rotation; fix the
he spindle, if it can be locked, or on the spindle head; bring the stylus into contact with the gauge
b the dial gauge. Rotate the table by 180° and move the X-axis until the stylus again touches the g
he same point. The.dial gauge reading, divided by the X displacement, is the error to be reported,

ween B’ and X-axes according to ISO 230-1:2012, 3.6.7, Note 2.
5 testanight be influenced by the Eyy vertical straightness error of the X-axis.

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

dial gauge
block and
huge block

ign

The squareness error obtained with this test can be cross checked with the results of tests G/ and b

G10 b).

©IS
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Object | BG6
Checking of Ea(oz)B squareness error of the B™-axis of rotation of the table, or receiver, to the Z-axis motion
Diagram
L Y

L'—1—7

\ A
Tolerance

0,030/1¢000 (= 0,015/500)

Measured deviation
Measuring instruments
Gauge block and dial gauge

Y-axis to b

Place a gau
on the spin
zero the dig
The dial ga

The value o

Observatigns and references toISO 230-1

locked, if possible:

be block on oneedge of the table, in the Z direction apart from the axis of rotation; fix the dial gayge
le, if it can bedocked, or on the spindle head; bring the stylus into contact with the gauge block ajnd
1 gauge. Rotate the table by 180° and move the Z-axis until the stylus again touches the gauge bldck.

ge reading, divided by the Z displacement, is the error to be reported.

f angle a, being less than, equal to or greater than 90°, shall be noted. The sign convention of the

error shall

Corvespond to the squareness sign between B’ and Z-axes according to [SO 230-1:2012, 3.6.7, Not¢

™
N

This test might be influenced by the Eyy vertical straightness error of the Z-axis.

The squareness error obtained with this test can be cross checked with the results of tests G8 and BG10 a).
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Object BG7
Checking of parallelism error of the B’-axis of rotation of the table, or receiver, to the Y-axis motion:
a) Ea(oy)B in the vertical YZ plane
b) Ec(oy)s in the vertical XY plane
Diagram
a) b) Alternative method
VY Y i

' ——> 17 X - X g -

Tolgrance

For $) and b) 0,040/1 000 (= 0,020/500)

Measured deviation

a) b)

Measuring instruments

Cylipder square with flange base, or test sphere as an'alternative, and dial gauge

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

If thp spindle can be locked, the dial{gauge can be mounted on it. If the spindle cannot be locked, the dial gauge shall be plac¢d on the
spinfdle head of the machine.

1) Fix a cylinder squareWwith a flange base on the table, and centre it on approximately on the axis of rotation.

2) Fix the dial gaugé on the spindle head with the stylus oriented in the Z-axis direction for a) and X-axis direction fqr b).

3) Touch the €ylinder square by the stylus, close to the cylinder bottom, and find the maximum reading by small moyements along
the X-axis for a) an@along Z-axis for b). Zero the dial gauge.

4) Move.the head apart from the table along the Y-axis, and touch again the cylinder close to its top. Note the Y trave| length. Find
the naximum-'dial gauge reading by small movements along the X-axis for a) and along Z-axis for b) and note the new dial gquge reading.
5) Turn the table by 180°, and repeat steps 3) and 4).

6 Ferboth-measurements-ajand-bitheaveragevatnethalfthealgebratesumiofthetwo-diatgangereadingsontep of the cylin-

der, divided by the Y travel length, is the error to be reported. The sign convention of the error shall correspond to the parallelism sign
between B’ and Y-axis according to ISO 230-1:2012, 3.6.3 Note 2.

Alternative method. 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 sphere shall be centred with respect to the B’-axis average line by moving X and Z-axes, while rotating the B’-axis. The Y-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 gauge at opposite points on the sphere. This alterna-
tive method can be used when it is possible to touch a complete horizontal circumference of the sphere.

See also test ER2 in Annex E, especially if the rotary table is foreseen for turning operations.
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Object

BG8

Checking that the B’-axis of rotation of the table and the spindle axis lie in the same YZ plane at a predefined
position (i.e. measuring the Ex(o(c))s deviation in the X direction)

Diagram
1 Y
X=—7X
\J YI
[P
Tolerance
0,010
Measured deviation
Measuring instruments
Test mandrjel and dial gauge

1) Mo
and the spi

2)
surface in 1

3) Wi

4) Mo
the table ar
Y-axis movyq

5) Fin
6) Ha

Observatigns and references to ISO 230-1

ve the X-axis by numerical control to tle central position where the B’-axis of rotation of the tabl
hdle axis should lie in the same YZ plane.

Fixthe test mandrel in the spindlg;'and the dial gauge on the table with the stylus parallel to the tab

hdial direction.

th the dial gauge stylus oriented in the X-axis direction touch the test mandrel, close to the spind

nose, and find the maximum reading by small movements along the Y-axis. Zero the dial gauge.

ve up the head along the Y direction, in order to take the test mandrel off the dial gauge. Turn bot
d the spindledby-180°, and again bring the test mandrel into contact with the dial gauge by mean
bments.

d the maximum reading by small movements along the Y-axis.

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

NOTE 1 Ift

9%

le

5 of

narallelicm

istactic carriod autin difforont nacitione oftho 7Zoavicitic affactad hutho Fo oo
F J DWVZJILTF

error between the spindle axis and the Z-axis and by the Exz horizontal straightness error of the Z-axis.

NOTE 2 If this test is carried out in different positions of the Y-axis it is affected by the Ec(oy)s parallelism
error between the B’ axis of rotation of the table and the Y-axis and by the Exy straightness error of the Y-axis.
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Annex C
(normative)

Tables rotating around a vertical B’ axis and tilting around a
horizontal A'axis

Figlire C.T hereunder shows a typical example of a machining centre with horizontal spindlefand a table
rotating around a B’ axis and tilting around a horizontal A’ axis.

~
)
<

rotary table (B’-axis)
cradle (A’-axis)
trunnion

table saddle (Z’-axis)
spindle head (Y-ai9 )
column (X-axis)

bed (b)

spindle:{C)]

O N O Ul W DN

— i i ive-axi ini i rotating
around a vertical B’ axis and tilting around a horizontal A’ axis
Machining centre ISO 10791-1 H[w B’ A’Z’' bX Y (C) t](see 3.12)
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Object | c61

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 tablel) surface

1) Built-in rotary table or one representative pallet clamped in position

Diagram
| |
R
|
I_It
— — =
a) b)

Tolerance
a) 0,025
b) L <5500 0,030

500< L% 800 0,040

800'< L <1250 0,050

1250 <L <2000 0,060

where L is the length of the shorterside of the table or pallet.
Measured ¢leviation
ForL =........
a) b)
Measuring|instruments
a) Dial gauge b) Gauge blocks and dial gauge
Observationsand references 1o IS0 230-172012; 9.1 (See also IS0 230-7)

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

b) The radius R shall be as large as possible. Test b) can 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 FR1 in Annex F.
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Object | G2
Checking of
a) intersection of the centre line of the longitudinal median T-slot, or of the cross tenon slot (when exist-
ing) or the line between the alignment holes, with the B’-axis of rotation of the table.
b) equidistance of the alignment holes with the B’-axis of rotation of the table.
Diagram
a) b)

/ N / Iﬁ)

{

\ / / \ /

Tolerance

For a) and b) 0,030

Measured deviation
a) 1)

Mepsuring instruments
a) Straightedge, gauge blocks or master pinsjand dial gauge

b) Master pins and dial gauge

Observations and references to ISO 230-1

a) When a reference T-slot or a tenon.slot is provided, insert two gauge blocks in the slot, at the sam¢g distance
from the axis of rotation. Adjust the\B™-axis in order to have the T-slot parallel to the X-axis (or Z-axig). Par-

allgl means that the two readingsyon the gauge blocks are the same. The dial gauge, placed on a fixed| part of
the[spindle head, is then zeroed, Turn the table by 180° and again adjust the B’-axis in order to have the same
reaflings on both gauge blgcks, without resetting the dial gauge. Half of the new reading on the dial gauge is the

errpr to be reported.

Whien the alignnient holes are provided, two master pins which fit in the holes and have protruding parts of the
sanpe diametershall 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 might glso not

pre 0 cSPONA 1o reading c 0 ne de dL101
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Object CG3

Checking of parallelism error of

— the longitudinal median or reference T-slot, or

— the centre line of the alignment holes (if longitudinal), or
— the longitudinal edge locator of the tablel), with B’ = 0°,

to the X-axis motion:

a) Ep
b) Ecgox)r with the table in the vertical position (A’ = -90°)
1) Built-in rptary table or one representative pallet clamped in position
Diagram
a) b)
Z' Y
X X' X X
.« - A Y'
I —]
Tolerance
for all types
0,025 over a measuring length of 500

Measured deviation
a) b)
Measuring instrunients
Gauge blocks or miaster pins and dial gauge

Observati(rns and references to IS0 230-1:2012, 12.3.2.5

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

If the spindle can be locked, the dial gauge can be mounted on it. If the spindle cannot be locked, the dial gauge
shall be placed 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
from the A’-axis of rotation. Zero the dial gauge against one of the gauge blocks. The dial guage reading on the
second gauge block, divided by the distance between the gauge blocks, is the error to be reported. Note the
direction of the error.

When the alignment holes exist, two master pins which fit in the holes and have protruding parts of the same
diameter shall be used.

NOTE The result of this test includes the possible Egp positioning error of the B’-axis at 0°.
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Object CG4

Checking of Eg(oz)T parallelism error of

— the centre line of the alignment holes (if transverse), or

— the transverse edge locator of the tablel) in horizontal position (A’ = 0°), with B’ = 0°,
to the Z-axis motion

1) Built-in rotary table or one representative pallet clamped in position

Diagrai

a) b)
z z

x_]_ x x<—[—~ he
z z

Mepsured deviation

Melasuring instruments

Gayge blocks or master pins angd-dial gauge

Observations and references to I1SO 230-1:2012, 12.3.2.5
X-akis to be locked, if possible.

If the spindle can be locked, the dial gauge can be mounted on it. If the spindle cannot be locked, the Hial gauge
shalll be placed on-the'spindle head of the machine.

en a reference-T-slot or a cross tenon slot is provided, insert two gauge blocks in the slot, at the sgme dis-
tanfe from thecentre of the table. Zero the dial gauge against one of the gauge blocks. The dial gaug¢ reading
on the seeond gauge block, divided by the distance between the gauge blocks, is the error to be repofted. Note
the|diréction of the error.

Whlen-thealignmen
diameter shall be use

the same

d.

The result of this test includes the possible Egg positioning error of the B-axis at 0°.
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Object CG5

Checking of Ec(oy)r parallelism error of

— the centre line of the alignment holes (if transverse), or

— the transverse edge locator of the tablel) in vertical position (A’ = - 90°), with B’ = 0°,
to the Y-axis motion

1) Built-in rotary table or one representative pallet clamped in position

Diagram

Tolerance

0,025 over a measuringlength of 500

Measured deviation

Measuring instruments

Gauge blocks or master pins and dial gauge

Observatigns and references to ISO 230-1:2012,12.3.2.5
X-axis lockéd, if possible.

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

gg
@

When a ref¢rence T-slot or a ergss tenon slot is provided, insert two gauge blocks in the slot, at the same dis-
tance from|the centre of theétable. Zero the dial gauge against one of the gauge blocks. The dial gauge readin
on the second gauge block,-divided by the distance between the gauge blocks, is the error to be reported. Nofe
the directidn of the error:

oq

When the allignmentholes exist, two master pins which fit in the holes and have protruding parts of the sam|
diameter shall beused.

[¢’]

The result ¢f this test includes the possible Egg positioning error of the B*-axis at 0°.
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Object CG6
Checking of squareness error of the B-axis of rotation of the table, or receiver, to the X-axis motion:
a) Ec(ox)B table in the horizontal position (A"= 0°)
b) EB(oY)B, A’ =-90 with the table in the vertical position (A" = - 90°)
Diagram
a) b)
Y /.
L X=-—F+—=X' X = =X’
\ Yl \ Zl

Tolerance
For a) and b)
0,040/1 000

Measured deviation
a) b)

Mehsuring instruments

Gayge block and dial ' gauge

Observations and references to ISO 230-1:2012, 10.3 and 10.3.3
a) Y-akisto be locked, if possible.
b) Z¥axis to be locked, if possible.

Plage a‘gauge block on one edge of the table, in the X direction apart from the 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 table by 180° and move the X-axis until the stylus again touches the gauge block
in the same point. The dial gauge reading, divided by the X displacement, is the error to be reported.

Note the direction of the error. The sign convention of the error shall correspond to the squareness sign accord-
ing to ISO 230-1:2012, 3.6.7, Note 2.

Test a) might be influenced by the Eyx vertical straightness error of the X-axis, and test b) by the Ezx horizontal
straightness error of the X-axis.

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

CG7

Checking of Ea(oz)B squareness error of the B’-axis of rotation of the table, or receiver, in the horizontal position

(A’ =0°), to the Z-axis motion
Diagram
v Y
L'+—11
\ YI
~1 |
Tolerance
0,040/1 000
Measured deviation
Measuring instruments
Gauge block and dial gauge

Y-axis lockg

Place a gau
on the spin
zero the dig
in the same

The dial ga

Note the di
between B’

Observatigns and references to 1S0-230-1:2012, 10.3 and 10.3.3

d, if possible.

be block on one edge.of the table, in the Z-direction apart from the axis of rotation; fix the dial ga
e, if it can be loeKed, or on the spindle head; bring the stylus into contact with the gauge block a
1 gauge. Rotate the table by 180° and move the Z-axis until the stylus again touches the gauge bld
point.

hge reading, divided by the Z displacement, is the error to be reported.

rection of the error. The sign convention of the error shall correspond to the squareness sign
and Z-axes according to ISO 230-1:2012, 3.6.7, Note 2.

This test m

The result of this test includes the possible Exa positioning error of the A-axis at 0°.

ight be influenced by the Eyy vertical straightness error of the Z-axis.

ge
d
ck
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Object CG8
Checking of squareness error E A(0y)B, A’ = -90 of the B-axis of rotation of the table, or receiver, in the vertical
position (A’ =-90°), to the Y-axis motion

Diagram

A Y
L———1
Y
O
H
H 3_O
L
Tolerance
0,040/1 000

Mepsured deviation

Melasuring instruments

Gayge block and dial gauge

Observations and references to ISO 230-1:2012, 10.3.;and 10.3.3

Z-akis locked, if possible.

Plage a gauge block on one edge of the table, in the'Y direction apart from the 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 gaugq block and
zerp the dial gauge. Rotate the table by 18(0%and move the Y-axis until the stylus again touches the ghuge block
in the same point.

Thd dial gauge reading, divided by the Y displacement, is the error to be reported.

Notle the direction of the error. Fhesign convention of the error shall correspond to the squareness gign accord-
ing[to ISO 230-1:2012, 3.6.7, Note2.

Thd result of this test inclades the possible Eaa positioning error of the A'-axis at - 90°.

Thip test might be influeficed by the Ezy straightness error of the Y-axis.
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Object CG9
Checking of parallelism error of the B’-axis of rotation of the table, or receiver, in the horizontal position (A’ = 0°), to the Y-axis motion:
a) Ea(oy)B in the vertical YZ plane

b) Ec(oy)s in the vertical XY plane

Diagram

Alternative method

N

'Y AV

;@

2
i

Tolerance

For a) and b) 0,040/1 000 (= 0,020/500)

Measured depiation
a) b)

Measuring instrument

Cylinder squale with flange base, or test sphere as an alternative, and dial gauge

Observations pnd references to IS0 230-1:2012, 3.6.3,101.4} 10.1.4.3, or 10.1.4.4 as alternative

a) Z-axis to be locked, if possible. The result 6f.test a) includes the possible Exa positioning error of the A-axis at 0°.

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

1) Fix p cylinder square with a flange base on the table, and centre it on approximately on the axis of rotation.

2) Fix fhe dial gauge on the spindle*h€ad with the stylus oriented in the Z-axis direction for a) and X-axis direction for b).

3) Toukh the cylinder squaré.by the stylus, close to the cylinder bottom, and find the maximum dial gauge reading by small m¢ve-
ments along the X-axis for a) and@along Z-axis for b). Zero the dial gauge.

4) Moye the head apart from the table along the Y-axis, and touch again the cylinder close to its top. Note the Y travel length. Fjnd

the maximum|dial gauge peading by small movements along the X-axis for a) and along Z-axis for b) and note the new reading.

5) Turp the table-by 180°, and repeat steps 3) and 4).

6) Forpotli'measurements a) and b), the average value (half the algebraic sum) of the two dial gauge readings on top of the cylin-

der, divided by theyY travel length, is the error to be reported. The sign convention of the error shall correspond to the parallelism sigp
between B'a Noasic o nrr‘"ng& 1SO0.220.1.201 '),') 62 Naota 2

Alternative method. 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 sphere shall be centred with respect to the B’-axis average line by moving X and Z-axes, while rotating the B’-axis. The Y-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 gauge at opposite points on the sphere. This alterna-
tive method can be used when it is possible to touch a complete horizontal circumference of the sphere.
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Object | cG10

Checking of parallelism error of the B’-axis of rotation of the table, or receiver, in the vertical position (A’ = -
90°), to the Z-axis motion:

a) Ea(0z)B in the vertical YZ plane
b) Eg(0z)B in the horizontal ZX plane
Diagram
Y Y NOTE: Alternative
method merjtioned in
7 -7 X<——~F——X' CG9 is netysed to fix-
turing\difficulties.
— \ YI \ Yl

T

g
1 I
Tolerance
For|a) and b) 0,050/1 000 (= 0,025/500)
Measured deviation
a) b)

Mehsuring instruments
Cylinder square with flange base, or test/sphere as an alternative, and dial gauge
Observations and references toIS0 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, ifpossible. The result of test a) includes the possible Eaa positioning err¢r of the
A’-gxis at - 90°.

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

1) Fix a cylinder-square with a flange base on the table, and centre it on approximately on the gdxis of rota-
tion).

2) Fix the,dial gauge on the spindle head with the stylus oriented in the Y-axis direction for a) dnd X-axis

dir¢ction fer:b).

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

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 Y-axis for b) and note the new dial gauge reading.

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

6) For both measurements a) and b), the average value (half the algebraic sum) of the two dial gauge read-
ings on top of the cylinder, divided by the Z travel length, is the error to be reported. The sign convention of the
error shall correspond to the parallelism sign between B’ and Z-axis according to ISO 230-1:2012, 3.6.3 Note 2.
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Object CG11

Checking of parallelism error of the A’-axis of rotation of the table cradle, to the X-axis motion:

a) EB(0x)a in the horizontal ZX plane
b) Ec(ox)a in the vertical XY plane

Diagram

@’ 2 -I H IL
b 2 : 1
=5 =

Step 1) Step 2) Step 3) Step 4)

Tolerance

0,050/1 000

Measured deviation
a) b)

Measuring instruments

Straightedge or gauge blocks and dial gauge

Observatigns and references to ISO 230-1

1) Set the tdble horizontal (A’= 0°). Fix a straightedge on the table, approximately parallel to the X-axis with
both referepce planes. Let the dial gauge mounted on the spindle touch the straightedge top face in the Y
direction. Nleasure at both ends of the measurement distance L, read the dial gauge in al and a2 and note th
difference Aa = (a2-al).

2) Tuyn the dial gauge into the Zdirection and touch the straightedge side face. Measure at both ends df
the measurement distance L, read.the dial gauge in b1 and b2 and note the difference Ab = (b2-b1).

197

3) Setthe table verticalA = -90°). With the dial gauge in the Z direction touch the straightedge top fafe
in the sameg two points as if1 1);take the readings cI and c2 and note the difference Ac = (c2-c1).

4) Turn the dial gauge into the Y direction and touch the straightedge side face. Measure in the same tyo
points as in| 2), take the readings d1 and d2 and note the difference Ad = (d2-d1).

a) Parallelisnierror in the horizontal ZX plane is given by the following formula:

Egjogya = 1/2(-Aa+Ab+Ac-Ad) divided by the measurement distance L.

b) Parallelism error in the vertical YZ plane is given by the following formula:

Ec(ox)a = 1/2(Aa+Ab-Ac-Ad) divided by the measurement distance L.
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Object

| cG12

Checking that the B™-axis of the table rotation and the A*-axis of the cradle tilting lie in the same plane (for table
surfaces lower than the A-axis) E z(0a)B (only for machines with nominally zero offset between A”and B’-axis
and without compensation facilities for any offset deviation)

Diagram

X—71—X

pY

Y

2) 4) 7)

Tol

lerance
0,03

Mepsured deviation

Melasuring instruments

Tesk sphere and dial gauge

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

1) 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 paralle] to:the table surface in radial direction.

2) With the table in horizgntal position (A’ = 0°), align the B’-axis of the table rotation on the spghere cen-
tre|by means of rotationsaround B’ and adjustments along X and Z.

3) Lock the X- and.Z-axes.

4) Turn the tablgto the vertical position (A’ = - 90°) and again align the B’-axis of the table rotation on the
sphlere centre, byameans of rotations around B’ and adjustments along Y.

5) LocKthe Y-axis.

6) 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 zero the dial gauge.

7) Furmthetabte tothe verticat positiomr tA =90 amd ote the diat gauge Teading:

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

The dial gauge arm shall be stiff enough so as to prevent any possible reading errors due to its opposite deflec-
tions in the different measurement positions.
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Object CG13

Checking that the B’-axis of rotation of the table and the spindle axis lie in the same YZ plane at a predefined
position, with the table in the horizontal position (A’ = 0°) (i.e. measuring the Ex[o(c)s deviation in the X direc-
tion)

Diagram

pY

X<t——X
V} Yv
!
[I—TIlI
Tolerance
0,010

Measured deviation
Measuring instruments
Test mandrjel and dial gauge

Observatigns and references to ISO 23041
1) Adjust the A-axis of the cradle rotation until the B’-axis of the table rotation is perpendicular to the Z-ax]s.

2) Move the X-axis to the central position where the B’-axis of rotation of the table and the spindle axis shoyld
lie in the sajme YZ plane.

3) Fix the fest mandrel in the_spindle and the dial gauge on the table with the stylus parallel to the table suj
face in radipl direction.

4) With the dial gauge stylus oriented in the X-axis direction touch the test mandrel, close to the spindle
nose, and find the maximum dial gauge reading by small movements along the Y-axis. Zero the dial gauge.

14

5) Move up th€ head along the Y direction, in order to take the test mandrel off the dial gauge. Turn both th
table and thelspindle by 180°, and again bring the test mandrel into contact with the dial gauge by means of
Y-axis moveTnents.

6) Find the maximum dial gauge reading by small movements along the Y-axis.
7) Half of the new reading on the dial gauge is the error to be reported.

NOTE 1 Ifthis testis carried out in different positions of the Z-axis it is affected by the Eg(oz)(c) parallelism
error between the spindle axis and the Z-axis and by the Exz horizontal straightness error of the Z-axis.

NOTE 2 If this testis carried out in different positions of the Y-axis itis affected by the E¢(oy)p parallelism
error between the B’ axis of rotation of the table and the Y-axis and by the Exy straightness error of the Y-axis.
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Object CG14

Checking of coincidence of the B’-axis of rotation of the table and the spindle axis at a predefined position, with
the table in the vertical position (A’ = - 90°):

a) EX(0(c))B, A= -90 along the horizontal X-axis
b) Ey(o(c))B, A= -90 along the vertical Y-axis
Diagram
a) b)
Z Y
X X' Z' -7,

Z Y

o’

Tolerance
0,010
Measured deviation
a) dlong the X-axis b) along the Y-axis

Melasuring instruments
Tesk mandrel and dial gauge
Observations and references to ISO 230-1:2012, 10.2

1) Adjust the A’-axis of the cradle rotation until the B’-axis of the table rotation is parallel to the¢ Z-axis.

2) Move the X-axis and the-Y-axis to the theoretical position where the B’-axis of rotation of thq table and
the[spindle axis should coincide.

3) Fix the test mandvel in the spindle, and the dial gauge on the table with the stylus parallel td the table
surface in radial direetion.

4) With the{dial gauge stylus oriented in the X-axis direction for a) and in the Y-axis direction for b),
toufh the test mandrel, close to the spindle nose, and find the maximum dial gauge reading by smalljmove-
ments [along'the Y-axis for a) and along the X-axis for b)]. Zero the dial gauge.

5) Turn both the table and the spindle by 180°.

6) Find the maximum dial gauge reading as in point 4).

7) Half of the new reading on the dial gauge is the error to be reported.

The dial gauge arm shall be stiff enough so as to prevent any possible reading errors due to its opposite deflec-
tions in the different measurement positions.

NOTE Ifthis testis carried out in different positions of the Z-axis it is affected by the parallelism errors
between the spindle axis and the Z-axis and between the B’ axis of rotation of the table and the Z-axis, in both
ZX and YZ planes.
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Annex D
(normative)

Tables rotating around a horizontal A’ axis and swivelling around a
vertical B’axis

Figure D.1[shows a typical example of a machining centre with horizontal spindle and a vertical tdble,
rotating around a horizontal A’ axis and tilting around a vertical B’ axis.

rotary ffable (A’-axis)
swivelljng table (B’-axis)
table sdddle (Z’-axis)
spindlelhead (Y-axis )
column| (XX-axis )

bed (b)
spindle{[(C)]

N O U W

Figure D.1— Typical example of horizontal five-axis machining centre with a vertical table
rotating around a horizontal A’ axis and tilting around a vertical B’ axis
Machining centre ISO 10791-1H[w A’ B’Z' b X Y (C) t] (see 3.12)
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Object | DG1
Checking of

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

1) Built-in rotary table or one representative pallet clamped in position

Diagram
|
— —
a) b)
Tolerance
a) 0,025
b) L < 500.::0,030
500 < L < 800" 0,040
800 <L~%'1250 0,050
1250 <5 <2000 0,060
where L is the length of theshorter side of the table or pallet.
Measured deviation
For|L =......
a) b)
Mepsuring.instruments
a) Dial gauge b) Gauge blocks and dial gauge
Observations and references to -T: , 9.T (See also -

For a) and b), if the spindle can be locked, the dial gauge can 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) can 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 GR1 in Annex G.
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1) Built-in rotary table or one representative pallet clamped in position

Object | DG2
Checking of
a) intersection of the centre line of the longitudinal median T-slot, or of the cross tenon slot (when exist-

ing) or the line between the alignment holes, with the A-axis of rotation of the table, and

b) equidistance of the alignment holes with the A™-axis of rotation of the tablel).

Diagram
a) b)
/ 9
<)
®
N\ /
Tolerance
For a) and b) 0,030
Measured deviation
a) b)
Measuring instruments
a) Strpightedge, gauge blocks or master pins and-dial gauge
b) Malster pins and dial gauge
Observatigns and references to I1SO 230-1
a) When afreference T-slot or a tenon slotis provided, insert two gauge blocks in the slot, at the same distance
from the axis of rotation. Adjust the 4~axis in order to have the T-slot parallel to the X-axis (or Z-axis). Paraljel
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. Turn'the table by 180° and again adjust the A-axis in order to have the same digl
gauge read]ngs on both gauge-blocks, without resetting the dial gauge. Half the new reading on the dial gauge is
the error td be reported.
When the aflignment holés are provided, two master pins which fit in the holes and have protruding parts of|the
same diam¢ter shall be Gsed instead of the gauge blocks. The same procedure as above is then to be followed.
b) The dia| gauge readings to be compared are the maximum radial readings on each master pin, which might
also not pregcisélyicorrespond to readings at 180° from each other, because of the error read in a).

52

© ISO 2015 - All rights reserved



https://standardsiso.com/api/?name=98a2dd3ace62798597f994425fc9f08b

IS0 10791-1:2015(E)

Object DG3

Checking of E ¢(ox)r parallelism error of
— the longitudinal median or reference T-slot, or
— the centre line of the alignment holes (if longitudinal), or

— the longitudinal edge locator of the tablel), set perpendicular to the spindle axis (B’ = 90°), with A’= 0°,

to the X-axis motion.

Tolerance
for-all types
0,025 over a-measuring length of 500

Mepsured deviation

Melasuring instruments

Dia] gauge and gauge blocks or master pins

Observations and references to' IS0 230-1:2012,12.3.2.5
Y-akis to be locked, if possiblé.

If the spindle can be locked, the dial gauge can be mounted on it. If the spindle cannot be locked, the Hial gauge
sha]l be placed on the spindle head of the machine.

Whien a reference Tsslot or a tenon slot is provided, insert two gauge blocks in the slot, at the same d{stance
from the A-axis of rotation. Zero the dial gauge against one of the gauge blocks. The dial gauge readipng on the
secpnd gauge-block, divided by the distance between the gauge blocks, is the error to be reported. Npte the
dir¢ction ofthé error.

Whien thefalignment holes exist, two master pins which fit in the holes and have protruding parts of the same
diameter shall be used.

The result of this test includes the possible Eaa positioning error of the A-axis at 0°.
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Object

DG4

Checking of E p(oz)r parallelism error of

the longitudinal median or reference T-slot, or

the centre line of the alignment holes (if longitudinal), or

to the Z-axis motion.

1) Built-in r

oz oo o oo n paac ooty

the longitudinal edge locator of the tablel), set parallel to the spindle axis (B’ = 0° or 180°), with A’ = 0°,

peary caorCoT o TCpTT

Diagram

-
D

N

Y Y Y
7' Z /A Z /A Z

Y' Y' Y'

Tolerance
for alktypes
0,025 over a measuring length of 500

Measured deviation
Measuring instruments
Gauge blocks or master pins and dial gauge

Observatigns and references to [S0-230-1:2012,12.3.2.5

Y-axis to bdg

If the spind|
shall be pla|

When a ref
from the A"
second gau
direction o

locked, if possible.

ced on the spifidle head of the machine.

brence T-slot(or a tenon slot is provided, insert two gauge blocks in the slot, at the same distance
axis ofxotation. Zero the dial gauge against one of the gauge blocks. The dial gauge reading on th
be block;'divided by the distance between the gauge blocks, is the error to be reported. Note the
the error.

le can be lockedsthe’dial gauge may be mounted on it. If the spindle cannot be locked, the dial gayge

[¢)

When the alignment NoIes exist, two Master pins Which 11t 1N the Noles and have protruding parcs of the same
diameter shall be used.

The result of this test includes the possible Exa positioning error of the A-axis at 0°.
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Object DG5

Checking of parallelism error of

— the centre line of the alignment holes (if transverse), or

— the transverse edge locator of the tablel)

to the Y-axis motion:

a) E p(oy)r with the table parallel to the spindle axis (B”= 0° or 180°)
b) . . . .

1) Built-in rotary table or one representative pallet clamped in position

J o

DiJgram

° P \J
Y Y Y Y
yA yA yA yA X' X X'= X
Y Y' Y Y'
Tolerance

For both types
0,0253.0ver a measuring length of 500

Measured deviation
a) b)

Mehsuring instruments

Gayge blocks or master piisiand dial gauge

Observations and referénces to ISO 230-1:2012,12.3.2.5
a) Z-axis tobelocked, if possible.
b) X-axis.to be locked, if possible.

If the spindle‘can be locked, the dial gauge can be mounted on it. If the spindle cannot be locked, the Hial gauge
sha]ll be/placed on the spindle head of the machine.

Whien.a reference T-slot or a cross tenon slot is provided, insert two gauge blocks in the slot, at the sgme dis-
tance from the centre of the table. Zero the dial gauge against one of the gauge blocks. The dial gauge reading
on the second gauge block, divided by the distance between the gauge blocks, is the error to be reported. Note
the direction of the error.

When the alignment holes exist, two master pins which fit in the holes and have protruding parts of the same
diameter shall be used.

The result of this test includes the possible Exa positioning error of the A-axis at 0°.
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Object DG6

Checking of Eg(ox)a squareness error of the A-axis of rotation of the table, or receiver, with the table perpendic-
ular to the spindle axis (B’=90°), to the X-axis motion

Diagram
WA
X=—X
. , VA
L
111
Tolerance

0,040/1 000

Measured deviation

Measuring instruments

Gauge block and dial gauge

Observatigns and references to ISO 230-1:2012, 10.3 and 10.3.3

Z-axis to bg locked, if possible. The result of.this test includes the possible positioning deviation of the B’-axi

12}

Place a gauge block on one edge of the table, in the X direction apart from the axis of rotation; fix the dial gayge
on the spinflle, if it can be locked, or on.the spindle head; bring the stylus into contact with the gauge block and
zero the digl gauge. Rotate the table by 180° and move the X-axis until the stylus again touches the gauge blqck
in the samg point. The dial gauge7eading, divided by the X displacement, is the error to be reported.

Note the difection of the erfor-The sign convention of the error shall correspond to the squareness sign acc¢rd-
ing to ISO 230-1:2012, 3.6/ Note 2.

This test mjght be influenced by the Ezx horizontal straightness error of the X-axis.

The result ¢f thisitest includes the possible E gg positioning error of the B*-axis at 90°.
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Object DG7

Checking of Eg(0z)a squareness error of the A-axis of rotation of the table, or receiver, with the table parallel to
the spindle axis (B’= 0° or B’= 180° as shown in the diagram), to the Z-axis motion

Diagram
WA
A=A
\ Zl
1 |
T
}-0-
|
o
T ]
[ 1] [ =]
Tolerance

0,040/1 000

Mepsured deviation

Melasuring instruments
Gayge block and dial gauge
Observations and references-to ISO 230-1:2012, 10.3 and 10.3.3

X-akis to be locked, if possible. The result of test a) includes the possible positioning deviation of the [B*-axis.

Plage a gauge blocketi.ane edge of the table, in the Z direction apart from the axis of rotation; fix the|dial gauge
on the spindle, ifitcan be locked, or on the spindle head; bring the stylus into contact with the gaugq block and
zerp the dial gauge. Rotate the table by 180° and move the Z-axis until the stylus again touches the ghuge block
in the samepoint. The dial gauge reading, divided by the Z displacement, is the error to be reported.

Notle the @irection of the error. The sign convention of the error (a) shall correspond to the squarengss sign
accprding to ISO 230-1:2012, 3.6.7, Note 2.

TheTesult of this testincludes the possible Egg positioning error or the 5-axis (at U~ or at 1oU™].

The value of angle a, being less than, equal to or greater than 90°, shall be noted.
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Object | Des
Checking of squareness error of the A-axis of rotation of the table, or receiver, to the Y-axis motion:

a) Ec(oy)a with the table parallel to the spindle axis (B’= 0°, or B’ = 180° as shown in the diagram)

b) Ea(oy)a with the table perpendicular to the spindle axis (B’ = 90°)

Diagram

\

Y Y
X X' Z Z
Y Y
a) b)
Tolerance
0,040/1 000

Measured deviation
a) b)
Measuring instruments
Gauge block and dial gauge

Place a gau
on the spin

Note the di

Test a) mig

zero the dig
in the samg

ing to [SO 2

xis to be locked, if possible.

xis to be locked, if possible.

Observatigns and references to ISO 230-1:2012, 10.3 and 10.3.3
a) X-3
b) Z-4

be block on one edge of the table, in the Y direction apart from the axis of rotation; fix the dial gayge
le, if it can be locked, or on the spindle head; bring the stylus into contact with the gauge block ajnd
1 gauge. Rotate the table by 180° and move the Y-axis until the stylus again touches the gauge bldck
point. Thedial gauge reading, divided by the Y displacement, is the error to be reported.

rection ef the error. The sign convention of the error shall correspond to the squareness sign accgrd-
30-1;2012, 3.6.7, Note 2.

bt be influenced bv the Evy q‘rmigh‘rnpcq error ofthe Y-axis. and test by by the Ezv Qfmigh‘rnpqq error.
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Object DG9

Checking of parallelism error of the A-axis of rotation of the table, or receiver, with the table perpendicular to the spindle
axis (B’ =90°), to the Z-axis motion:

a) E a(0z)a in the vertical YZ plane
b) E B(0z)a in the horizontal ZX plane
Diagram

L I

Tol¢rance

Fora) and b) 0,040/1 000 (= 0,020/500)

Measured deviation
a) b)

Megsuring instruments

Cylinder square with flange’base, or test sphere as an alternative, and dial gauge

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

a) Ytaxis to be locked;if possible.
b) Xtaxis to beflogked, if possible. The result of test b) includes the possible E gg positioning deviation of the B-axis at 90°.

1) Fjix a cylinder square with a flange base on the table, and centre it on approximately on the axis of rotation.

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

3) Touch the cylinder 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 Y-axis for b). Zero the dial gauge.

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 dial guage reading.

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

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 Z travel length, is the error to be reported. The sign convention of the error shall correspond to the
parallelism sign between A’ and Z-axes according to ISO 230-1:2012, 3.6.3 Note 2.
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Object DG10

Checking of parallelism error of the A-axis of rotation of the table, or receiver, with the table parallel to the
spindle axis (B’ = 0° or B’= 180° as shown in the diagram), to the X-axis motion:

a) E c(0x)a in the vertical XY plane
b) E B(ox)a in the horizontal ZX plane
Diagram
L Y \ 2
X+=—7—X X=—7—X
-~ V} Y' y yA

T

8]
——

o107

Tolerance

For a) and ) 0,040/1 000 (= 0,020/500)
Measured deviation

a) b)

Measuring instruments

Cylinder square with flange base, or test sphere as an alternative, and dial gauge
Observati(lns and references to4S0230-1:2012, 3.6.3,10.1.4, and 10.1.4.3
a) Y-axis to|be locked, if possible:

b) Z-axis to|be locked, if possible. The result of test b) includes the possible E gg positioning deviation of the
B’-axis at 0f.

If the spind]le can bedogked, the dial gauge may be mounted on it. If the spindle cannot be locked, the dial gayge
shall be plaked on the spindle head of the machine.

1) Fix a cylindérsquare with a flange base on the table, and centre it on approximately on the axis of rotatiof.
2) Fix the dWW i i i —axts i —axTsdirec-

tion for b).

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

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

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

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 Z travel length, is the error to be reported. The sign convention of the
error shall correspond to the parallelism sign between A’ and X-axis according to ISO 230-1:2012, 3.6.3 Note 2.
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Ob

ject

DG11

a)
b)

Checking of parallelism error of the B*-axis of rotation of the swivelling table, to the Y-axis motion:

E c(oy)B in the vertical XY plane

E aA(oy)B in the vertical YZ plane

Tol

Diagram

b1

-

©

O

b2

@L(jl
a2

erance

0,050/1 000

Me

psured deviation

Me

Gay

lasuring instruments

ge blocks and dial gauge

2)
the
3)
dir
the
4)
poi
a)

b)

Ob¢

1) 9
im3
strg
gaul

ervations and references to ISO 230-1

ightedge top face in the X direction. Measure at both ends of the measurement distance L, read t
ge in al and a2 and note the difference Aa = (a2-al).

Turn the dial gauge int¢ the Z direction and touch the straightedge side face. Measure at bot
measurement distance L,(read the dial gauge in b1 and b2 and note the difference Ab = (b2-b1).

Swivel the B*-axis't0’90° position (table perpendicular to the spindle axis). With the dial gau
bction touch the straightedge top face in the same two points as in 1), take the readings cI and c2
difference Ac = fe2-c1).

Turn the'dial gauge into the X direction and touch the straightedge side face. Measure in the
nts as in 2);take the readings d1 and d2 and note the difference Ad = (d2-d1).

Rarallelism error in the vertical XY plane is given by the following eformula:

E c(oy)B = 1/2(Aa+Ab-Ac-Ad) divided by the measurement distance L

et the table parallel to the spindle axis (BZ= 180° in the diagram). Fix a straightedge on the table,
tely parallel to the Y-axis with both reference planes. Let the dial gauge mounted on the spindle fouch the

approx-

he dial

h ends of

pe in the Z
and note

same two

Parallelism error in the vertical YZ plane is given by the following formula:

Eaoy)B = 1/2(-Aa+Ab+Ac-Ad) divided by the measurement distance L.
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Object DG12

Checking that the A-axis of the table rotation and the B*-axis of the table swivelling lie in the same plane

(for tables with the B™-axis outside the table surface): EzoB)a (only for machines with nominally zero offset
between A’ and B-axis and without compensation facilities for any offset deviation)

Diagram

~—|

4

Tolerance
0,03

Measured deviation

Measuring instruments
Test spherd and dial gauge
Observati)]ns and references to ISO 230-1:2012, 10.4.3

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

2) With the table parallel to the'spindle axis (B’ = 0°, or B’= 180°), align the A-axis of the table rotation on
the sphere fentre, by means of retations around A’ and adjustments along Y and Z.

3) Log¢k the Y- and Z-axés-

4) Tugn the table ta/be‘perpendicular to the spindle axis (B’ = 90°) and again align the A*-axis of the tablle

rotation on|the sphere €entre, by means of rotations around A’ and adjustments along X.
5) Lo¢k the X-axis.

6) Wifh the table perpendicular to the spindle axis (B’ = 90°), place a dial gauge, with flat tip, on top of fhe
table, with fhe’stylus parallel to the spindle axis, touch the sphere and zero the dial gauge.

7) Turn the table to be parallel to the spindle axis (B’= 0°, or B’= 180°), and note the dial gauge reading.
Half of the new reading on the dial gauge is the error to be reported. Note the direction of the error.

The dial gauge arm shall be stiff enough so as to prevent any possible reading errors due to its opposite deflec-
tions in the different measurement positions.

62 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=98a2dd3ace62798597f994425fc9f08b

IS0 10791-1:2015(E)

Object DG13

Checking that the A-axis of rotation of the table and the spindle axis lie in the same ZX plane at a predefined
position, with the table parallel to the spindle axis (B"= 0°, or B’ = 180°) (i.e. measuring the Ey(g(c))a deviation
in the Y direction)

Diagram
A Y
X+—1—X'
\J YI
]
Tolerance
0,010
Megpsured deviation
Melasuring instruments
Test mandrel and dial gauge
Observations and references to 1SO 230-1
1) Adjust the B*-axis of the-swivelling table until the A-axis of rotation of the table is perpendidular to the
Z-aKis.
2) Move the Y-axis td the vertical position where the A-axis of rotation of the table and the spirjdle axis
should lie in the same ZX-plane.
3) Fix the testmandrel in the spindle, and the dial gauge on the table with the stylus parallel td the table
surface in radialdirection.
4) Withrthe dial gauge stylus oriented vertically in the Y-axis direction touch the test mandrel, |close to
spindle noseyand find the maximum dial gauge reading by small movements along the X-axis. Zero the dial
gaulge.
5) Move the X-axis, in order to take the test mandrel off the dial gauge. Turn both the table and|the spindle
by I80° and again bring the test mandrelinto contact with the dial gauge by means of X-axis movements.
6) Find the maximum dial gauge reading by small movements along the X-axis.
7) Half of the new reading on the dial gauge is the error to be reported.

The dial gauge arm shall be stiff enough so as to prevent any possible reading errors due to its opposite deflec-
tions in the different measurement positions.

NOTE 1 If this test is carried out in different positions of the Z-axis it is affected by the Ea(0z)(c) parallelism
error between the spindle axis and the Z-axis and by the Eyz vertical straightness error of the Z-axis.

NOTE 2 If this test is carried out in different positions of the X-axis it is affected by the E¢(oz)a parallelism
error between the A’ axis of rotation of the table and the X-axis and by the Eyy vertical straightness error of the
X-axis.
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Object DG14

Checking of coincidence of the A-axis of rotation of the table and the spindle axis at a predefined position, with
the table parallel to the X-axis:

a) EXx(0(c))a along the horizontal X-axis
b) Ey(o(cy)a along the vertical Y-axis
Diagram
a) b)
Z Y
X X' Z Z
T I

Tolerance
0,010

Measured deviation

a) along thg X-axis b) along the Y-axis

Measuring instruments
Test mandrfel and dial gauge
Observatigns and references to ISO 230-1:2012, 10.2

1) AdJust the B*-axis of the swivelling'table until the A’-axis of the table rotation is parallel to the Z-axiJ.

2) Mojve the X-axis and the Y-axis te’the theoretical position where the B™-axis of the swivelling table and
the spindlefaxis should coincide.

3) Fixthe test mandrel in.the spindle, and the dial gauge on the table with the stylus parallel to the tabje
surface in rjadial direction.

4) Wifh the dial gadge'stylus oriented in the X-axis direction for a) and in the Y-axis direction for b),
touch the t¢st mandrel,\¢lose to the spindle nose, and find the maximum dial gauge reading by small move-
ments [alor)g the Y-aXis for a) and along the X-axis for b)]. Zero the dial gauge.

5) Turn beth’the table and the spindle by 180°.

6) Findthe maximum dial gauge reading as in point 4).

7) Half of the new reading on the dial gauge is the error to be reported.

The dial gauge arm shall be stiff enough so as to prevent any possible reading errors due to its opposite deflec-
tions in the different measurement positions.

NOTE Ifthis testis carried out in different positions of the Z-axis it is affected by the parallelism errors
between the spindle axis and the Z-axis and between the A’ axis of rotation of the table and the Z-axis, in both
ZX and YZ planes.
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Annex E
(informative)

Error motions of tool holding spindle and work holding rotary
table axes

E.1l Error motions of tool holding spindle (C) axis

Objpct ER1

Axig of rotation error motion for tool holding spindle(s) (C)
a) radial error motion E'xy(c)
b) akial error motion E z()

c) tilt error motion E ag(c)

Diagram

Tol¢ranceB

at pprcéntage of maximum speed

100 [=yaN0) 1000,
o o o

a) total radial error motion value Exy(c)
b) total axial error motion value E(c)
c) total tilt error motion value Eap(c)

NOTE Ifthe minimum speed is larger than 10 % of the maximum speed, then the spindle should be operated at mini-
mum speed instead.

Different spindle speeds can be selected based on mutual agreement between the manufacturer/supplier and the user.

1) If the manufacturer/supplier and the user would decide, by mutual agreement, to include this test in the contractual
machine acceptance procedures, then they should also define, by mutual agreement, the corresponding tolerances to be
applied. A future edition of this part of ISO 10791 can provide tolerances for this test when solid data from such measure-
ments for table performance in industrial environment are available.
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Measured deviation

a)
b)

9

Measuring instruments

Test mandre

two precisio

1, non-contacting probes, and angular measuring device or

n spheres located slightly eccentric to table average line and non-contacting probes

Observations and references to I1SO 230-7

This test is g

After set up
period of 10
Total error n
a)

tot.

Rad
as close as p

Forj
(LSC) centrg
b) tot
Axij

Forj

(IS0 230-7:-
0

tot

Tilt
with just tw

For
(ISO 230-7:

For these teq

the]
b ide
c the
d the
e the)
f pre

content plot
g the]
h

i

the)

apQ

table test with rotating sensitive direction (ISO 230-7:—, 5.4).

bf the measuring instrument, the spindle shall be warmed up at 50 % of the maximum spindle speedfera t
min, if not otherwise agreed between manufacturer/supplier and user.

hotion is defined in ISO 230-7:—, 3.2.4, total error motion value in ISO 230-7:—, 3.5.1.
] radial error motion value Exy(c) (using probes 4 and 5)

ial error motion measurement is described in ISO 230-7:—, 5.4.2. The radial error motion shall be measur
bssible to the table surface (sensors 4 and 5 in the diagram of this test).

the radial error motion Exy(c), a total error motion polar plot (ISO 230-7:—, 3.34)with a least squares cirg
(ISO 230-7:—, 3.4.3) shall be provided.

] axial error motion value E7(c) (using probe 3)
] error motion measurement is described in ISO 230-7:—, 5.4.4.

the axial error motion E7(c), a total error motion polar plot (ISO 230-7:—, 3.3.1) with a polar chart (PC) cej
-, 3.4.1) shall be provided.

| tilt error motion values Eag(c) (using probes 1,2,4,5)

error motion measurement is described in ISO 230-7:—)\5.4.3. The tilt error motion can be also be checked
non-contacting probes (see ISO 230-7:—, 5.4.3.1 and’5:4.3.2).

the tilt error motion Eap(c), a total error motionpolar plot (IS0 230-7:—, 3.3.1) with a polar chart (PC) cen
-, 3.4.1) shall be provided.

ts, the following parameters shall be stated:

radial, axial, or face locations at which\the measurements are made;

htification of all artefacts, targets, and fixtures used;

location of the measurement-setup;

position of any linear or rotary positioning stages that are connected to the device under test;
direction angle of the.s€nsitive direction, e.g. axial, radial or intermediate angles as appropriate;

sentation of the nféastirement result, for example: error motion value, polar plot, time based plot, frequend

rotationalsspéed of the table (zero for static error motion);
time duration in seconds or number of table rotations;

ropriate warm up or break-in procedure;

thelf

me

le

htre

tre

11
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of any electronic filters. In the case of digital instrumentation, the displacement resolution and sampling rate;

k the

structural loop, including the position and orientation of sensors relative to the table housing from which

the error motion is reported, specified objects with respect to which the table axes and the reference coordinate axes are
located and the elements connecting these objects (see ISO 230-1:2012, 3.3.1);

1

m typ

n oth

time and date of measurement;

e and calibration status of all measurement instrumentation;

er operating conditions which can influence the measurement such as ambient temperature.

If the tilt measurements are not needed (by agreement between the supplier and the user), then only three displacement
sensors are used (3, 4, and 5) and test mandrel can be replaced by precision test sphere.
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E.2 Error motions of work holding rotary table (see Annex B)

Object | ER2

Axis of rotation error motion for workholding table
a) radial error motion in the X direction Exg
b) radial error motion in the Z direction Ezp

c) axial error motion Eyp

d) tilterrormotion around X-axis Fan
4B

e) tilt error motion around Z axis Ecp

Diagram

Tol¢rancel)

at percentage of maximum speed

10 % 50% 100 %

a) t¢tal radial error motion value Exg
b) t¢tal radial error motion value Egzp
c) tqtal axial error motion yalue Eyg
d) tptal tilt error motiomryalte Eap

e) t¢tal tilt error motion value Ecp

NOTE  If the minithum speed is larger than 10 % of the maximum speed, then the table should be operated af minimum
spegd insteadi\Djifferent table speeds may be selected based on mutual agreement between the manufacturer/pupplier and
the pser.

1) Iffthe'manufacturer/supplier and the user would decide, by mutual agreement, to include this test in the confractual
madhine acceptance procedures, then they should also define, by mutual agreement, the corresponding toleraijces to be
applied. A future edition of this part of ISO 10791 can provide tolerances for this test when solid data from such measure-
ments for rotary table performance in industrial environment are available.

Measured deviation
a)
b)
)
d)
e)
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