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Foreword

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

A turning centre is a machine tool in which the principal movement is the rotation of the workpiece
against the stationary cutting tool(s). It is a numerically controlled machine tool capable of performing
multiple machining operations, including milling, turning, boring, drilling and tapping, as well as
automatic tool changing from a magazine or similar storage unit in accordance with a machining
program.

The objective of ISO 13041 (all parts) is to provide information as wide and comprehensive as possible
on geometric, positional, contouring, thermal and machining tests which can be carried out for
conpparison, acceptance, maintenance or any other purpose.

[SO| 13041 (all parts) specifies, with reference to ISO 230-1 and ISO 230-7, tests fori\turning centres
and numerically controlled turning machines with/without tailstocks standinglone or |integrated
in flexible manufacturing systems. ISO 13041 also establishes the tolerances or ‘maximum |acceptable
valties for the test results corresponding to general-purpose and normal-accuragy turning dentres and
nurherically controlled turning machines.

© IS0 2017 - All rights reserved v
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Test conditions for numerically controlled turning
machines and turning centres —

Part 2:
Geometric tests for machines with a vertical

Wi
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prkholding spindle

Scope

5 document specifies, with reference to ISO 230-1 and ISO 230-7,-the geometrig

tests for

eral-purpose, numerically controlled (NC) turning machines and tufning centres with vertical

kholding spindles, as well as the corresponding applicable tolerances:

5 document explains different concepts or configurations and €ommon features of ]
chines and turning centres with vertical workholding spindlesOlt also provides a termi
gnation of controlled axes (see Figures 1, 2, 3, and 4).

NC turning
hology and

5 document deals only with the verification of the accuracy of the machine. It does not apply to the

rational testing of the machine (e.g. vibration, abnormal noise, stick slip motion of comp
hachine characteristics (e.g. speeds, feeds). Tests not concerning the pure geometric accy
thine are dealt with in other parts of ISO 13041.

Normative references
following documents are referred;to in text in such a way that some or all of thq

stitutes requirements of this decument. For dated references, only the edition cited 4
ated references, the latest editioit of the referenced document (including any amendmen

nents) nor
racy of the

bir content
pplies. For
[s) applies.

230-1:2012, Test code for  machine tools — Part 1: Geometric accuracy of machines operdting under

oad or quasi-static conditions
230-7:2015, Test céde for machine tools — Part 7: Geometric accuracy of axes of rotation

841:2001, Industrial automation systems and integration — Numerical control of m
rdinate systeri and motion nomenclature

Terins and definitions

For

achines —

the nurnoses of this document the following terms and definitions annlu
I Sl of 4 5 ) 30 s

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

3.1

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

ISO Online browsing platform: available at http://www.iso.or

turning machine
machine tool in which the principal movement is the rotation of the workpiece against the stationary
cutting tool(s)

©IS

02017 - All rights reserved
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3.2

numerical control

NC

computerized numerical

CNC

automatic control of a process performed by a device that makes use of numerical data introduced
while the operation is in progress

[SOURCE: I
3.3

SO 2806:1994, 2.1.1 and 2.1.2, modified]
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4 Preli)

4.1 Mea

In this do

ly controlled turning machine
b machine
chine (3.1) that operates under numerical control or computerized numerical contral(3.2)

ly controlled vertical spindle-turning machine

b controlled turning machine (3.3) where the workpiece is mounted on avertical workholc
linst the stationary cutting tool(s) and where cutting energy is brought\by the workpiece
Fool

try: This machine is controlled by numerical control (NC) providing adtomatic function.

try: For vertical spindle-turning machines with inverted workholding spindle, i.e. with workhol
e lower end of the spindle, see ISO 13041-3.

pindle-turning centre
b controlled vertical spindle-turning machine (3.4)equipped with toolholding spindles and
orientate the workholding spindle around its-axis

try: Such a machine can perform several gperations such as milling, tapping, drilling, and other]
n tools nested in live spindles.

try: This machine may include additional features such as automatic tool changing from a maga
tion.

try: For vertical spindle-turning machines with inverted workholding spindle, i.e. with workhol
e lower end of the spindlejsée ISO 13041-3.

minary remarks

surementunits

cument; all linear dimensions, deviations, and corresponding tolerances are expres

ling
and

ling

the

vine

ling

in millime
correspong

trés; ‘angular dimensions are expressed in degrees and angular deviations and
ling

be used for clrlflcatlon purposes Theequlvalenceof the followmg expressmns should always be kept

in mind.

0,010/1 000 =10x 10-6 =10 urad = 2 "

4.2 Reference to ISO 230-1 and ISO 230-7

To apply this document, reference shall be made to ISO 230-1, especially for installation of the machine
before testing, warming up of the spindle and moving components, description of measuring methods
and recommended instrument uncertainty of testing equipment.

© ISO 2017 - All rights rese
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In the “Observation” block of the tests described in Clause 5, the instructions are preceded by a reference
to the corresponding clause in ISO 230-1:2012 or in ISO 230-7:2015 in cases where the test concerned
is in compliance with their specifications. Tolerances are given for each test (see G1 to G20, R1 and R2).

4.3 Machine levelling

Prior to conducting tests on a machine, the machine should be levelled according to the recommendations

of the supplier/manufacturer (see ISO 230-1:2012, 6.1.2).

4.4 Testsequence

Thg sequence in which tests are presented in this document in no way defines the practidal order of
testing. In order to make the mounting of instruments or gauging easier, tests may |be pefformed in
any|order.

4.5 Test to be performed

When testing a machine, it is not always necessary or possible to carry~out all the tests de¢scribed in

this
in 4
pro
ma
car

document. When the tests are required for acceptance purposes; it is up to the user
igreement with the supplier/manufacturer, those tests relating:to the components

perties of the machine which are of interest. These tests are to be clearly stated when
thine. Mere reference to this document for the acceptance-tésts, without specifying the

confracting party (see also ISO 230-1:2012, Annex A).

4.6
Med

Measuring instruments

Othler instruments capable of measuring the same quantities and having the same, or

me{
ind

Wh
disj
(LV]
(ses

Sim
suc
acy
tof

Int
suc

isurement uncertainty may be used.*Reference shall be made to ISO 230-1:2012, Cla
cates the relationship between measurement uncertainties and the tolerances.

en a “dial gauge” is referred to, it-€an mean not only dial test indicators (DTI) but any ty]
placement sensor such as analogue or digital dial gauges, linear variable differential ti
DTs), linear scale displacemient gauges, or non-contact sensors, when applicable to the test
ISO 230-1:2012, Clausé 4).

ilarly, when a "strdightedge” is referred to, it can mean any type of straightness referen
h as a granite or Ceramic or steel or castiron straightedge, one arm of a square, one genera
linder square,\any straight path on a reference cube, or a special, dedicated artefact ma
tin the T-slofs or other references.

he same-way, when a “square” is mentioned, it can mean any type of squareness referen
h asia\granite or ceramic or steel or cast iron square, a cylinder square, a reference cube,

to choose,
hnd/or the
ordering a
tests to be

Fied out, and without agreement on the relevant expensés, ¢annot be considered as bindjing for any

isuring instruments indicated in the tests described in the following sections are exafnples only.

a smaller,
1se 5, that

be of linear
ansformer
concerned

Ce artefact,
ting line on
hufactured

Ce artefact,
or, again, a

spe

cial; dedicated artefact.

4.7

Diagrams

In this document, for reasons of simplicity, the diagrams associated with geometric tests generally
illustrate only one type of machine.

4.8

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 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 (see ISO/TR 16907).

© IS0 2017 - All rights reserved
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4.9 Gravity influence for two railhead machines

For machine tools provided with two slides on the cross rail [see Figures 2 a) and b) and Figure 4],
the railhead not under test shall be in a defined park position according to the manufacturer’s

recommen

dation. If both railheads are used, the deviations may change due to gravity influences.

4.10 Tolerances

In this document, all tolerance values (see in SO 230-1:2012, 4.1) are guidelines. When they are used for
acceptance purposes other values can be agreed upon between the user and the manufacturer/suppller

The requi

When the
in this doc
of toleranc

4.11 Mac
The machi

Type B ma

fixed d

movin

4.12 Line

For simpli
and a num
V, or W coy

4.13 Tun

Depending
in a tool h
An automg
methods fq

Type A:
Type B:

d o1 1 L 1 | L A | +lo
u/ Clsl clCu LUlCl dllitT vdIiutTs dI'T LU T Licdadl l_y DLGLCU vvI1ITUITI UI'UtTl llls LIIT lllcl\,lllllc

olerance for a geometric test is established for a measuring length different from that gi
iment (see ISO 230-1:2012, 4.1), it shall be taken into consideration that the mininyim vz
e is 0,005 mm.

hine classifications

nhes considered in this document are divided into the following basic{configurations:

double-column machines (Figure 2); related nomenclature\is given in Table 2 and Figur
Chine configurations are further classified into the following types:
olumns — portal type;

b columns — gantry type.

ar motions

ity, all the machine examples shown'in Figures 1 and 2 use the axis designation of a le
ber (e.g. X, X1, X2,...) as defined in {SO 841:2001, 6.1. In all examples, the use of the letter]
1d be substituted.

rets or toolholding coniponents (element)

on the machine cénfiguration, cutting tools (stationary or power driven) can be clam|
lder or in a turretlocated on the railhead ram and/or the side head ram and/or the tur
tic tool change device can also be used. However, this document does not provide any
r automatig tool change operations.

single-column machines (Figure 1); related nomenclature is given in Table 1 and Figurd 3

ven
hlue

]
-

[ter
s U,

ped

ret.
fest

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=3d8b280a64adcd0f0d71475474d8b473

ISO 13041-2:2017(E)

4.14 Machine configurations and designation of axes

z

z
/
-X g%
e
>

a) Compound head type b) Shared motion

[tZXbC w] (moving workholding spindle) fype

[tZbX C w]

12

>

>

c) Shared motion d) Compound workholding
(moving head/saddle) type spindle type
[tXbZ C w] [tbX Z'C w]

Figure 1 — Examples of machine configurations: Single-column machines (Type A)

© IS0 2017 - All rights reserved 5
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z2
Z2
z1
Z1 <>
x2 Z(w)
BN
x1
p—
@
a) Fixed column, moving cross-rail b) *Fixed column, fixed cross-rail
[t1Z1X1ZbC w] [t1Z1X1b C w]
[t2Z2X27ZDb C w] [t2Z2 X2 b C’ w]

¢) Moving column (gantry type), d) Fixed column (portal type),
moving cross-rail moving workholding spindle (Y-axis)
[tZ1XZYDbC w] [tZXDbY C w]

Figure 2 — Examples of machine configurations: Double-column machines (Type B)

6 © IS0 2017 - All rights reserved
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il
1
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\
3
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NOTE See Table 1 for the key.

Figure 3 — Single-columh'machines [tZ X b C’ w]

Table 1 — Terminology corresponding to Figure 3

tem . . Description of item
Designation .
nymber English French

1 (08 Workholding spindle (turntable) Plateau tournant
2 Bas¢ Base
3 Column Montant
4 €ross-rail Traverse porte-chariot
5 Railhead (saddle) Coulant du chariot de traverse (trainard)
6 A Tool holder slide Chariot de tourelle
7 Tool holder Porte-outils

NOTE For languages other than official ISO languages, see Table B.1.

© IS0 2017 - All rights reserved 7
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9 —
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— | 72 21|
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0|l Il ]

] el I
el

5 .

NOTE §ee Table 2 for the key.

Figure 4 — Double-column machines [t; ZLXTZ b C'w]/[t2 Z2 X2 Z b C’ w]

Table 2 — Terminology corresponding to Figure 4

Item . . Description of item
Designation :
number English French

1 (08 Workholding spindle (turntable) Brouche (plateau) tournant
2 Base Base
3 Right-hand column Montant droit
4 Leftzhand column Montant gauche
5 Z(W) Cross-rail Traverse
6 71 Railhead ram Coulisseau du chariot de traverse
7 X1, X2 Railhead (saddle) Chariot de traverse (trainard)
8 Z2 Railhead ram Coulisseau du chariot de traverse
9 Bridge Entretoise
10 Bool holder Porte-outils

NOTE For languages other than official ISO languages, see Table B.2.

8 © IS0 2017 - All rights reserved
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5 Geometric tests

5.1 Workholding spindle or table

Object G1

Checking of the face run-out of workholding table or spindle

£ b= £l L.l 1l g e | L
a) IdLT TUuIirout vl tiic WUl KIIUIUII g tdUIT SUrldec,

b) |face run-out of the spindle face.

Diagram
b)
V4
L.
|
|
i
| 1 i
’ |
|
!
;|—I
Tolerance Measured deviation
a) |For diameters up to 1 000 mm: 0,010 a)

For every further increase of up oy1 000 mm diameter: +0,010

b) |For all diameters: 0,010 b)
Measuring instruments

a) and b) Linear displacement sensor
Observations and references to ISO 230-1:2012, 9.1
a) |The dial gauge shall be placed on a component of the machine tool carrying the tool and shall be

placed as near.a$ possible to the workholding table periphery and approximately 180° from|the posi-
tioh occupiedyby the tool when the workholding table was machined in situ (see also Test R1]).

Crgss-railand railhead locked in position, where possible.

b) | The dial gauge measurements shall be taken on the maximum diameter of the spindle fage.

© IS0 2017 - All rights reserved 9
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Object

Checking of run-out of

a) the workholding table bore;

c) centring diameter of the workholding spindle.

b) the external cylindrical surface of the workholding table (in the case of a workhold-
ing table not having a central bore);

G2

Diagram

a)

Tolerancg

For wor

b) For dis
For eve

c) Forall

a) For warkholding spindle diameter up to 1 000 mm:

kholding spindle diameter greater than 1 000 mm:

meter up to 1 000 mm:
ry further increase of up to 1 000 mm diameter:

centering diameter sizes:

0,010
max 0,020

0,010
+0,010

0,010

Measured deviation

a)

b)

Linear dis

Measuring instruments

placement sensor

Observat

a) and b)
when the Y

Cross-rail
The dial g

c) SeeIS(
mal to the

ons and references to\ISO 230-1:2012, 12.5

The dial gauge shall'b€ placed approximately 180° from the position occupied by the tool

vorkholding tableswas machined.

railhead and’slide locked in position, where possible.

huge should'be placed on the tool holder close to the tool position.

230%1:2012, 12.5.2. When the surface is conical, the stylus of the dial gauge shall be nor-

centacting surface.

10
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5.2 Linear axes X and Z

Object G3

Checking of the straightness of the railhead (X-axis) motion on the cross-rail

a) inthe vertical ZX plane (Ezx);
b) in the horizontal XY plane (Eyx).

NOfE—Testsetup showm i by fs for turming centres onty:
Diigram
a) b)
z
Loy
| [
Tolerance Measured deviation
For a) and b) a)
0,020 for measuring length of £-000 mm b)
Adg 0,010 for each additiofial Tength of 500 mm
Logal tolerance: 0,010forany measuring length of 500 mm
Measuring instruments
a) [Straightness reference artefact, adjustable blocks and linear displacement sensor or optjical
eqliipment
b) |Straightness reference artefact, adjustable blocks and linear displacement sensor or optjcal equip-
ment ot taut wire and microscope
Observations and references to 1SO 230-1:2012, 8.2

[f the column or workholding spindle (table) is movable in the Y-axis direction, it shall be positioned
such that the measuring line should be close to the workholding spindle axis of rotation.

Position the railhead ram in the middle position of its travel. The straightedge shall be placed on the
workholding spindle or table perpendicular to the C-axis, or the lack of squareness shall be consid-
ered in the measurement.

The dial gauge, the interferometer, the target or the microscope shall be mounted on the railhead
near the position of a tool.

Alternatively, when the straightedge is not aligned mechanically, the results can be evaluated accord-
ing to IS0 230-1:2012, 3.4.8.

© IS0 2017 - All rights reserved 11
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Object G4

Checking of the angular deviations of the railhead motion on the cross-rail (X-axis)
a) inthe ZX plane Egx (pitch);

b) in the YZ plane Eax (roll);

c) inthe XY plane Ecx (yaw).

Diagram
Z
L X
|
|
e 4 a)
| 7
| | |
I N
Key
1 measulling level 3 autocollimator
2 referenice level 4 mirror
Tolerance Measured deviation
For a), b), and c). a)
For measyring length up to 1 600 mm: 0,040/1 000 (40 prad) b)
For measyring length over 1 600 mm:)*0,060/1 000 (60 prad) )
Measurirjg instruments
a) Precision level, or optical‘@angular deviation measuring instrument
b) Precislon level
¢) Optical angular deyiation measuring instrument
Observatjons and references to 1SO 230-1:2012, 3.4.16, 8.4
The measuiring level or instrument shall be placed on the tool holder.
a) (Epx: I]:tr‘h) level, or aptical instrument oriented in the ZX plane (set vertically);

b) (Eax: roll) level oriented in the YZ plane;
¢) (Ecx: yaw) optical instrument oriented in the XY plane (set horizontally);

When railhead motion causes an angular deviation of both railhead and workholding spindle or table,
differential measurements of the two angular deviations shall be made and this shall be stated.

The reference level shall be placed on the workholding spindle or table.

Measurements shall be carried out at a minimum of five positions equally spaced along the path of
travel in both directions of the movement.

12 © IS0 2017 - All rights reserved
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Object G5

Checking of the straightness of motion of the toolholder-slide (ram) in the Z-axis direction
a) inthe XZ plane (Exz);
b) in the YZ plane (Ey;).

Diagram
a) b)
= i i 2 i
| |
|
| i | |
I—;—l [ i |
Tolerance Measured deviation
For a) and b) a)
0,020 for a measuring length of 300 mm b)

Measuring instruments

a) and b) Square and linear displacement sensor
A
NOTE As an alternative to this test setup, see test G5 Alternative using a cylindrical squard.
Observations and references to ISO 230-1:2012, 8.2

Vertical slide over the centreé.of the table. Place a square in radial direction on the table, with the
horizontal arm parallel to the X-axis, on one side of the vertical slide, in such a way that the fable can
rotfate 90° to bring the-square from the ZX plane to the YZ plane without interference with the verti-
callslide. The square does not need to be aligned with the C-axis. Take readings from the diall gauge at
several positionsalong the Z-axis.

—_—

ternative: Sweeping alignment laser device, optical equipment,

If this test is to,be combined with test G8, place the square in such a position as to allow the|table to
be rotated.to four positions at 90° from each other.

This testsetup is also applicable to the tests G8, G9 and G11.

© IS0 2017 - All rights reserved 13
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ISO 13041-2:2017(E)

Object G5
Checking of the straightness of motion of the toolholder-slide (ram) in the Z-axis di- Alternative
rection.
a) inthe XZ plane (Exz) ;
b) in the YZ plane (Eyz).
NOTE The setup shown below is an alternative to the G5 test illustrated above.
Diagram
a) b)
z z
L. LT 2
| | I
[ L
[bo ﬂ
I | I |
S | ( ]
Tolerance Measured deviation
For a) and|b) a)
0,020 for 4 measuring length of 300 mm b)
Measuring instruments
a) and b) [Cylindric square and linearsdisplacement sensor
Observatjons and references to1S0'230-1:2012, 8.2
Place a cylindrical square on tHe table centre. Centre the square on the table and carefully align it par-
allel to thq C-axis of rotation:Take readings from the dial gauge at several positions along the Z-axig.
This test setup is also applicable to tests G8 Alternative, G9 Alternative and G11 Alternative.

14 © IS0 2017 - All rights reserved
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1SO 13041-2:2017(E)

Object G6
Checking of the angular deviations of the toolholder slide (ram) motion (Z-axis)
Optional, checking of rotation of the ram around Z-axis (if roll is relevant)
a) inthe YZ plane Epz (tilt around X);
b) in the XZ plane Epy (tilt around Y).
Diagram
b) 7
~
L5
1
2
| | : |
I
Key
1 measuring level
2 reference level
Tolerance Measured deviation
For measuring length up to 1 600, mm: 0,030/1 000 (30 prad) a)
Foir measuring length over, 4600 mm: 0,060/1 000 (60 prad) b)
For optional measuring(ofjroll the tolerance is 0,040/1 000 (40 prad)
Measuring instruments
a) and b) Precision level or optical angular deviation measuring instrument
Observations;and references to 1SO 230-1:2012, 3.4.16, 8.4
Mejsurements shall be carried out at a minimum of five positions equally spaced along the {ravel in
both directions of the movement.
The reference level shall be placed on the workholding spindle or table

© IS0 2017 - All rights reserved 15
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ISO 13041-2:2017(E)

Object

Checking of the squareness between the railhead motion (X-axis) and the workholding
spindle axis of rotation (C-axis) [EB(o(c))x]-

NOTE Also applicable for a second railhead ram and tool holder on the column.

G7

Diagram
% !
| SR
| T
| !
ﬂ ‘ |
| | | z
| i
_ I ‘—‘ki'iu' I X
AN ‘ (;
|
Tolerance Measured deviation
0,067/1 000 (0,020/300)

For every further increase of 300 mm measuring length: +0,010/300
Direction pf deviation: @ < 90°

The trajecftory of X-axis shall be concave unless by special arrangement
between the user and supplier/manufacturer.

Straightnd

Measuring instruments

ss reference artefact, adjustable blocks and linear displacement sensor

Observat

the lack of]

or

several po
measurem

The X-axis

A dial gauge is fixed to theurret or tool holder close to the tool position.

The straightedge shallbe'placed on the workholding spindle or table perpendicular to the C-axis, o

If the stra ghtedge is not perfectly perpendlcular to the C -axis, measurements should be taken at

This test applies to all rail heads.

two extreme measuring points, if possible symmetrical. But some X-axes cannot move too long after
the table centre. In this case, whichever option is chosen, it can apply approximately to one radius.

ons and references\to ISO 230-1:2012, 10.3.3, 10.1.4.3

—

squareness’shall be considered in the measurement

ents at the same X locatlons The squareness dev1at10n is the range of the mean of these
two sets of measurements.

orientation should be identified either through its least square line or through reading in

16
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1SO 13041-2:2017(E)

Object G8

Checking of the parallelism between the Z-axis motion (railhead ram or tool holder) and
the workholding spindle axis of rotation

a) inthe XZ plane [Ep(o(c))z];
b) in the YZ plane [Ea(o(c))z]-

NOTE Also applicable for a second railhead ram and tool holders on the column.

Diggram
a) b)
Z
L X I
| M, J
\,
: \|
A
| d_i,v |
i
I—'—l 1
Tolerance Measured deviatiop
a) (0,030/1 000 (0,010/300) a)
b) 10,050/1 000 (0,015/300) b)
The sign convention of the
error shall correspjond to the
parallelism sign between
C’ and Z-axis accorfling to
1SO 230-1.
Measuring instruments
a) and b) Square@and linear displacement sensors
NOTE As an alternative to this test setup, see test G8 Alternative using a cylindrical squard.
Objservations and references to 1SO 230-1:2012, 10.1.4.3 and 10.1.3
Verticdl slide over the centre of the table. Place a square in radial direction on the table, with one arm
pardllel to the X-axis, on one side of the vertical slide, in such a way that the table can rotate{180°

to bring the square on the opposite side of the vertical slide without interference. The square does
not need to be aligned with the C-axis. Take readings from dial gauge at several positions along the
Z-axis. Without moving the X-axis, rotate the table by 180° so to bring the square to the opposite side
of the vertical slide. Take the readings at the same heights on the square. The least square line slope
provides the parallelism deviation between Z-axis and C-axis. On the other side its slope provides
information on the parallelism between the square and the C-axis.

This test setup is also applicable to the tests G5, G9 and G11.

NOTE For machines with two railhead rams, difference of G8 tests for two railhead rams gives infor-
mation about the parallelism between the railhead rams. Tolerance for this parallelism is subject to
agreement between the supplier and the user.

© IS0 2017 - All rights reserved 17
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ISO 13041-2:2017(E)

Object
G8

Checking of the parallelism between the Z-axis motion (railhead ram or tool holder) | Ajternative
and the workholding spindle axis of rotation

¢) inthe XZ plane [Ep(o(cy)zl;
d) inthe YZ plane.[Ea(o(c))z]-
NOTE Also applicable for a second railhead ram and tool holders on the column.
Diagram

b)

a)
- ﬂ i
il

— ] L ]
Tolerance Measured deviation
a) 0,030/[1 000 (0,010/300) a)
b) 0,050/f1 000 (0,015/300) b)

The sign convention of the
error shall correspond to the
parallelism sign between
C’ and Z-axis according to
ISO 230-1.

Measuring instruments

a) and b) |Cylindrical square and linear displacement sensors
Observatjons and.references to 1SO 230-1:2012, 10.1.4.3 and 10.1.3

Asin test (5 Alternative, place a cylindrical square on the table centre. Centre the square on the table
and carefully.align it parallel to the C-axis of rotation.

If test G5 Alternative has been performed before test G8 Alternative, use the readings taken for test
G5 Alternative; the difference between the two readings at the ends of the travel, divided by the
travel length (or better the least square line slope of the straightness plot) provides the parallelism
deviation between Z-axis and C-axis.

This test setup is also applicable to the tests G5 Alternative, G9 Alternative and G11 Alternative.

NOTE For machines with two railhead rams, difference of G8 tests for two railhead rams gives infor-
mation about the parallelism between the railhead rams. Tolerance for this parallelism is subject to
agreement between the supplier and the user.
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5.3

ISO 13041-2:

Cross-rail movement

2017(E)

a) i

Object
Checking of the straightness of motion of the cross-rail Z(W)-axis

n the XZ plane (Exw);

b) inthe YZ plane (Eyw).

G9

Diasl ailx
a) b)
z z
1—— X l L Y ]
| |
|
| | | ]

| |

i [ i ]
Tolerance Measured deviation
Forga) 0,050/1000 (50 pm) a)
Forb) 0,080/1 000 (80 um) b)
Measuring instruments
a) dnd b) Square and linear displacement sensor
Alternative: Sweeping alignruent laser device, optical equipment
Objservations and references to 1SO 230-1:2012, 8.2
The railhead(s) shall'be’placed in suitable parking position according to the manufacture’s gpecifica-
tioh and the positien(s) shall be reported. Vertical slide over the centre of the table. Place a dial gauge
on[the tool holdér.Place a square in radial direction on the table, with one arm parallel to the X-axis,
on pone side of'the vertical slide. The square does not need to be aligned with the C-axis. Reaflings
along the Z(W)-axis shall be taken in several positions with the cross-rail clamped on the cdlumns
withoutmoving the X-axis.
If thistest is to be combined with test G11, place the square in such a position as to allow the table to

be rotated to four positions at U~ Irom each other.

This test setup is also applicable to the tests G5, G8 and G11.

©IS
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ISO 13041-2:2017(E)

Object
Checking

b) inthe

of the straightness of motion of the cross-rail Z(W)-axis

a) inthe XZ plane (Exw);

ZY plane (Eyw).

G9
Alternative

Diagram

Y]
~N—

(>)
~=—

T =
Y -

I — | [ ]
Tolerance Measured deviation
Fora) 0,050/1 000 (50 um) a)
Forb) 0,J80/1 000 (80 um) b)
Measuring instruments
a) and b) [Straightness reference artefact, sweeping alignment laser device, cylindrical square, ad-

justable blocks or test mandrel and linear displacement sensor or optical equipment.

square on

Take read
the cross 1

Observatjons and references to I1SO 230-1:2012, 8.2

The railhead(s) shall be placed in suitable parking position according to the manufacture’s specifica-
tion and the position(s) shall be repérted. Place a cylindrical square on the table centre. Centre the

the table and carefully)align it parallel to the C-axis of rotation.

ngs from the dial-gauge at several positions along the Z(W)-axis, possibly in all positiong of

ail, with the cross-rail clamped on the columns before each reading.

This test setup is also/applicable to the tests G5 Alternative, G8 Alternative and G11 Alternative tests.

20
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1SO 13041-2:2017(E)

Object G10
Checking of the angular deviation of the cross-rail in its Z(W)-axis motion.

Optional, checking of rotation of the ram around Z-axis (if roll is relevant)
a) in the vertical YZ plane (Eaw or Eaz);
b) in the vertical ZX plane (Egw or Epz).

Diagram
b)
p—--—
, T
N\ : £
il e
|
1T—t o
o i
| : |
|
b i
Key
1 measuring level (preferred position)
measuring level (alternative position)
3 reference level
Tolerance Measured deviation
For a) and b) a)
Foff any measuring length 0,030/1 000: (30 prad) b)
For optional measuringof roll the tolerance is 0,040/1 000 (40 prad)
Measuring instrumernts
a) and b) Precision level or optical angular deviation measuring instruments.
Objservations-and references to I1SO 230-1:2012, 8.4
Place the measuring level at possibly mid-position of the cross-rail (tool holder) on an appropriate
sutface and read the indication in the quoted positions.
The railhead shall be placed in suitable parking position according to the manufacturer’s specifica-

tion and shall be reported.

When Z-axis motion causes angular deviation of both the cross-rail and the workholding spindle
or table, differential measurements of the two angular measurements shall be taken and this shall
be stated.

When differential measurement is applied, the reference level shall be placed on the workholding table.

Lock the cross-rail at each position, where possible.
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ISO 13041-2:2017(E)

Object G11

Checking of the parallelism between the cross-rail Z(W)-axis motion and the workhold-
ing spindle or table axis of rotation

a) inthe XZ plane [Eg(ocyw or Eg(oc)zl;
b) in the YZ plane [Eaocyw or Ea(oc)z]-

Diagram
a) D)
z
Ll
| J|
\,
. \
4N
| d_i,v |
|
I—'—l |
Tolerance Measured deviation
a) 0,050/[L 000 (0,015/300) a)
b) 0,067/[L 000 (0,020/300) b)

Measuring instruments

a) and b) |Linear displacement sensor or sweeping alignment laser device and square
Observatjons and references to 1SO 230-1:2012, 10.1.3 and 10.1.4.3

The railhead(s) shall be placed in sufitable parking position according to the manufacture’s specifica-
tion and the positions shall be reported. Vertical slide over the centre of the table. Place a dial gauge
on the too] holder. Place a squake)in radial direction on the table, with one arm parallel to the X-axis,
on one side of the vertical slide; in such a way that the table can rotate 180° to bring the square on the
opposite siide of the vertical-slide without interference. The square does not need to be aligned with
the C-axis| Take readings-from the dial gauge at several positions along the Z(W)-axis with the crogs-
rail clamped on the-columns before each reading. If test G9 has been performed before test G11, us¢
the readinlgs taken.for test G9. For both a) and b), without moving the X-axis, rotate the table by 18(°
to bring the square to the opposite side of the vertical slide. Take the readings from the dial gauge 3t
the same elghts on the square Halfalgebralc dlfferences of all palrs of readlngs at the same helgh LS
provide the-straig 3 :
the two results obtalned at the ends of the travel d1v1ded by the travel length (or better the least
square line slope of the plot) provides the parallelism deviation between Z(W)-axis and C-axis. On the
other side, the average values (half algebraic sum) of all pairs of readings provide an information on
the straightness of the vertical square side, and its slope will provide information on the parallelism
between the square and the C-axis, which has not affected the measurements.

This test setup is also applicable to the tests G5, G8 and G9.
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1SO 13041-2:2017(E)

Object

holding spindle or table axis of rotation
a) inthe XZ plane [Egocyw or Eg(oc)zl;
b) in the YZ plane [Eaocyw or Ea(ocyz]-

Checking of the parallelism between the cross-rail Z(W)-axis motion and the work-

G11

Alternative

a) [0,015/300
b) [0,020/300

a)
b)

Diagram
a)
Z
Y ——————
[ =l 5 |
— L ]
Tolerance Measured deviation

Measuring instruments

a) and b) Linear displacement sensor or sweeping alignment laser device and square

Observations and references:ito ISO 230-1:2012, 10.1.3 and 10.1.4.3

deviation between W-axis and C-axis

The railhead(s) shall be placed in suitable parking position according to the manufacture’s s
tioh and the position(s) shall be reported. As in test G9 Alternative, place a cylindrical squar
centre of the table and@lign it carefully parallel with the C-axis of rotation.

Take readings frenythe dial gauge at several positions along the Z(W)-axis, possibly in all p
thg cross rail, with the cross-rail clamped on the columns before each reading.

If tpst G9 Alternative has been performed before test G11 Alternative, use the readings take
test G9 Alternative; the difference between the two readings at the ends of the travel, divide
tre:l:/el length (or better the least square line slope of the straightness plot) provide the paral

This test setup is also applicable to the tests G5 Alternative, G8 Alternative and G9 Alternative.

pecifica-
e on the

sitions of

n for
d by the
lelism
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ISO 1304

1-2:2017(E)

5.4 Testrelated to Y-axis

Object

holding ta

ble (portal type) in the Y-axis direction

a) inthe vertical YZ plane (Ezy);

Checking of the straightness of motion of moving column (gantry type) or moving work-

G12

a) 0,030 for 1 000 mm
b) 0,040 for 1 000 mm

b) in the horizontal XY plane (Eyy)
Diagram
a) b)
i
z |
L ‘
X
L] L]
| | L |
Tolerance Measured deviation

a)
b)

a) Straig
equipmen

ment, swe,

Measurir:lg instruments

[

tness reference artefact; ‘adjustable blocks and linear displacement sensor or optical

b) Straightness reference artéefact, adjustable blocks and linear displacement sensor optical equip
eping alignmentlaser device, or microscope and taut wire

Observat

For gantry
position.

The straig
squarenes

ons and referéences to 1SO 230-1:2012, 8.2, 12.1.2.2

 type machines crossrail locked in the middle position, railhead ram in the measuring

htedge shall be placed on the workholding table perpendicular to the C-axis, or the lack g

—

ing to ISO

oo - corosTrat oo orrcmmrtasur o

230-1:2012, 3.4.8.

The dial gauge, the interferometer, the target or the microscope for taut wire shall be mounted on the
railhead near to the position of a tool. The measuring line should be close to the workholding table
axis of rotation.

Alternatively, when the straightedge is not aligned mechanically, the results can be evaluated accord-

24
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1SO 13041-2:2017(E)

Object G13

Checking of the angular deviations of moving portal (gantry type) or moving workhold-
ing table (portal type) in the Y direction

a) inthe YZ plane Eay (pitch);
b) in the ZX plane Ey (roll);
c) inthe XY plane Ecy (yaw).

Diggram
Z
T—»X
-1
1 b)
él -2
| L L]
| 1 | ]
Key
1 measuring level 3 autocollimator
2 reference level 4 mirror
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ISO 13041-2:2017(E)

Tolerance Measured deviation
For a), b), and ¢) a)
For any measuring length 0,050/1 000: (50 prad) b)

0

Measuring instruments

a) Precision level, or optical angular deviation measuring instrument

b) Precision level

c) Optica

angular deviation measuring instrument

Observat

a) (Eay:p
b) (Epy:r
o (Ecy:y

When the
workholdi
made and

The referd

Measuren]
travel in b

The meaS\llring level or instrument shall be placed on the railhead which is fixed in position:

pll) level oriented in the ZX plane;
hw) optical instrument oriented in the XY plane.

motion of the moving element (gantry or table slide) causes angulardeviations of both

this shall be stated.

ons and references to IS0 230-1:2012, 3.4.16, 8.4

tch) level, or optical instrument oriented in the YZ plane;

ng table and column, differential measurements of the two angular deviations shall be

nce level shall be placed on the element (table or tool holder), which is fixed in position.

ents shall be carried out at a minimum of five positions'equally spaced along the path of
oth directions of the movement.

26
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1SO 13041-2:2017(E)

Object G14
Checking of squareness of the Y-axis motion (portal or workholding table) to the C-axis

[Eacocyy]-

NOTE This test applies to machines according to Figure 2 c) and Figure 2 d).

Diagram

+

|

|

|

T |

z

: \—Y
Tolerance Measured deviation
0,040/1 000

Measuring instruments

Gauyge block and linear displacement sensot:

Observations and references to 1S0.230-1:2012,12.1.2.2

Place a gauge block on one edge of the table, in the Y direction apart from the axis of rotation; fix

gauge. Rotate the table by 1809 and move the Y-axis until the stylus touches the gauge block|again.
The dial gauge reading, divided by the Y displacement, is the error to be reported.

of the error shall carpespond to the squareness sign between C’ and Y-axis according to ISO 230-1.

the dial gauge on the tool holder;'bring the stylus into contact with the gauge block and zerd the dial

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

© IS0 2017 - All rights reserved
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ISO 13041-2:2017(E)

Object
Checking

G15
of squareness of the Y-axis motion (portal or workholding table) to the X-axis

motion (rail head) Ec(ox)y.

NOTE This test applies to machines according to Figure 2 c) and Figure 2 d).

Diagram

Y
Tolerance Measured deviation
0,040/1 000

Squareneq

Measuring instruments

s reference artefact and linear displacement sensopor optical instruments

Observat

Mount the
spindle) a

Adjust the
For gantry
Move the j
For machi

Move the {
Squareneq
travelled i

portal with the displacementisensor along the square and take the reading.

hes with moving turntable:

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

displacement sensor on the tool holder. Plac¢é the square on the turntable (workholding
nd adjust it parallel to rail head movementusing the displacement sensor.

stylus of the displacement sensor perpéndicular to the other side of the square.

 type machines:

urntable with the square along the stationary displacement sensor and take the reading
s deviation is the change of difference in the indicator readings divided by the distance
etween the measurement locations.

28
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1SO 13041-2:2017(E)

5.5 Tool holders and turrets

Object G16

Checking of the squareness between the tool-fixing faces of the tool holder and the work-
holding spindle axis of rotation.

NOTE The test applies to tool-fixing faces of turrets that are square to the workholding
spindle axis.

Diagram
—

<1‘> _

L

o

.
| = > |
]

Tolerance Measured deviatign
0,0R0/L

L is the diameter of measurement

Medasuring instruments

Linear displacement sensor.and reference block
Objservations and references to ISO 230-1:2012, 12.4.1

A dial gauge shall be fixéd on the workholding spindle and shall touch the reference block located on
thg face of tool holdér located opposite.

The workholding spindle shall be rotated and the dial gauge shall be moved to touch the facg of the
todl holder on the largest possible diameter.

If the machine is equipped with a turret, the test shall be repeated for each of the tool-fixing faces of
the turret.
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ISO 13041-2:2017(E)

Object G17
Checking of the accuracy of the turret indexing.

NOTE This test applies only for machines equipped with a turret.

Diagram

Tolerancé¢ Measured deviation

0,030
Measuring instruments

Linear displacement sensor
Observatjons and references,to ISO 230-1:2012

Position the dial gauge styli-d);b) and c) so that they contact the turret reference holes or grooves.
Record th¢ turret axis position. Record the dial gauge readings. Withdraw the turret position to clgar
off the dia] gauge, index)the turret to the next orientation, and reposition the turret axis. Record th
dial gaugelreadings.

D

If the turrgt reference face is used, the dial gauge should be used at position f).

Repeat the test three times for each turret orientation; the readings at each orientation are then aver-
aged to minimize the effect of turret repeatability. The maximum difference of all averaged dial gauige
readings is the accuracy of turret indexing.

The repeatability of the turret indexing might influence the readings.
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5.6 Toolholding spindles

1SO 13041-2:2017(E)

Object G18
Checking of the run-out of the internal taper of the toolholding spindle(s)
a) atthe toolholding spindle nose;
b) atadistance of 300 mm from the toolholding spindle nose.
Diasl ailx
@ Ds
& i ) A
-
a) 0 <
by 14O
[
Tolerance Measured deviation
a) 10,010 a)
b) 10,020 b)
Measuring instruments
a) and b) Linear displacement'sensor and test mandrel
Objservations and references to I1SO 230-1:2012, 12.5.3
Attlach a dial gauge tocthe‘table (workholding spindle) and insert the test mandrel in the live toolhold-
ing spindle.
Place the displacement sensor as close as possible to position a), rotate the toolholding spindlle and
redord the reading.
Repeat the-sdme operation at position b).
If the-machine is equipped with a turret, carry out these tests for each toolholding spindle of the (see
alsb R2 test)
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ISO 13041-2:2017(E)

Object G19

Checking of the parallelism between the toolholding spindle axis of rotation C1 and the
railhead ram motion Z

a) inthe YZ plane [Ea(oz)(c1)];
b) in the ZX plane [EB(0z)(cn)l-

Diagram
4 a) b) V4
L , II: I\ i I i T )
[ ]
o‘“
| l i |
[ ] [ — 1
Tolerance Measured‘deviation
For a) and|b) a)
0,067/1 000 (0,020/300) b)

Measuring instruments

a) and b) |Linear displacement sensor and test mandrel
Observatjons and references to 1SO 230-1:2012, 10.1.3; 10.1.4

A test marnjdrel is mounted on the tooling spindle.

NOTE If necessary, workholding spindle should be clamped.

a) Dial gauge is attached to the werkholding spindle indicating against the mandrel in the Y direc-
tion. Mear] orientation of the mandrel is determined by rotating the tooling spindle between the two
extreme readings of the displacement sensor. Displacement sensor is set to zero at this mean orienta-
tion. Then|the railhead ram-is moved to the other end of the measuring stroke and the displacemenit
sensor redding is recofded.

b) Dial gquge is attached to the workholding spindle indicating against the mandrel in the X direc-
tion. Mear] orientation of the mandrel is determined by rotating the tooling spindle between the two
extreme readings of the displacement sensor. Displacement sensor is set to zero at this mean orienta-
tion. Then|the railhead ram is moved to the other end of the measuring stroke and the displacement
sensor reading is recorded

or

take readings at several positions of the Z-axis and then rotate the toolholding spindle by 180° and
take the second set of readings at the same Z positions. Parallelism deviation is the change of differ-
ence in the indicator readings divided by the distance travelled between the measurement locations.
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